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ADVERTISEMENT, 

JL HE JuhjeSts of the following Jheets^ as branches of 
praSlical mechanics^ are inter eJHng\ and the manner in 
which they are treated render them important. 

Previous to thefe experiment s^ thefuperior power of over- 
Jhot water-wheels was 7tot only doubted^ but fome authors 
of confiderable celebrity had given a preference to underfhot 
wheels. — Ihe experiments made^.and here fully explained 
by Mr. Smeaton (whoy as a pra£licaV mechanic y muji 
ever be rated in the firji clafs)^ fhew the fallacy of former 
conclujionsy and the great fuperior power of overfhot wheels : 
thelapfe of time fince the publication of thefe principle Sy has 
confirmed their accuracy y and has ejiablijhed a durable re^ 
putation for their author. 

Thefe EffaySy puhlifhed originally in the Philofophical 
TranfaSions (the parts of which are now beccme fcarccy 
and of high price on their account )y are now offered to the 
public at a moderate purchqfe \ to render them acceffible to 

every 
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W JDVEftTISEMENT. 

every ingenious enquirer^ muft tend to J^read the very ujeful 
information tbey contain. To a Juperior mind nothing can 
he more grateful^ than imparting to other js the advantages 
of that fuperiorityy which bountiful Heaven has l(eJiowed on 
enlightened Genius. 
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'AN 

EXPERIMENTAL ENQUIRY 

COHCERNXNG THE 

NATURAL POWERS 

OP 

WATER AND WIND 

To turn Mills and other Machines depending on 
A CIRCULAR MOTION i 

Read before the Royal Society^ May 3 and io> 1759* 

W HAT I have to communicate on this fubjeft was origi* 
ftally deduced from expefiments made on wofking models^ 
tvrhich I look upon as the beft means of obtaining the outlines in 
mechanical enquiries. But in this cafe it is very neceffary to 
diftinguifli the circumftances in which a model differs from a 
iiiachine in large ; otherwife a model is more apt to lead us from 
the truth' than towards it# Hence the common obfervation, 
that a thing may do very well in a model that will not anfwer 
ih large. And, indeed, though the utmoft circumlpeftion be 
ufed in this way, the beft ftruftute of machines cannot be fully 
afcertained, but by making trials with them, when made of their 
iSroper fiaet It is for this reafon that though the models re- 

B ferred 
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ferred to, and the greateft.part of the following experimeriCS, 
were made in the years 1752 and 1753, yet I deferred offering 
them to the Society, until I had an opportunity of putting the 
dedudions made therefrom in real pradlice, in a variety of cafes, 
and for various purpofes ; fo as to be able to aiTure the Society 
that I have foimd them to anfwer- 



PART I. 

, Concerning Underjbot Water-Wheels: 

Plate I. Fig. i. is a perfpeSive view of the machine for 
experiments on water-wheels; wherein 

A BCD is the lower ciftern, or magazine, for receiving the 
water, after it has quitted the wheel j and for fupplying 

D E the upper ciftern, or head ; wherein the water being raifed to 
any height required, by a pump, that height is fhewn by 

F G, a fmall rody divided into inches and parts \ with a float at 
the bott6my to move the rod up imd down, as the furface of 
the water rifes and falls. 

H I is a rod by which the fluice is drawn, and ftopt at any 
height required, by means of 

K a pin, or peg, which fits feveral holes, placed in the manner 
of a diagonal fcale, upon the face of the rod H t. 

G L is the upper part of the rod of the pump, for drawing 
the water out of the lower ciftern, in order to raife and 

keep 
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keep up the for&ce thereof at its defired hdght, in the head 
D E J thereby to fupply the water expended by the aper- 
ture of the fluice» 

M M is the arch and handle for working the pump, which i^ 
limited in its ftroke by 

N, a piece for flopping the handle from railing the pifton too 
hig^ ; that alfo being prevented from going too low, by 
meeting the bottom of the.barreK 

O 1$ the cylinder, up<m which a cord winds, and which, 
being conducted over the pullies P and Qj, raifes 

R, the fcale, into whicK the weights are put, for trying the 
power of the water. 

S T, the two ftandards, which-fupport the wheel, are made to 
Aide up and down, in order to adjuft the wheel, as near as 
poffiUe^ to the floor of the c6nduit% 

W the beam which fupports the fcale and pullies ; this is re- 
pttfentedas but little higher than the machine, for the Uke 
of bringing the figure into a moderate compaTs, but in re« 
ality is placed 15 or 16 feet higher than the wheel. 

Pi ATE IL Fig. 2. is a fefiion of the fame machine, wherein 
the fame parts are marked witli the fame letters a$ in Fig. i. 
Befides which 

X X is the.pump barrel, being 5 inches diameter, and ii inches 
long. 
Y is the pifton ; and 
Z the fixed valve. 

Ba GV 
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G V IS a cylinder of wood, fixed upon the pump-rod^ and 
reaches above the furfece of the water : this piece of wood 
being of fuch a thicknefs, that its fcftion is half the area 
of that of the pump-barrel, will caufe the furfacc cf water 
to rife in the head, as much while the pitton is defcending, 
as while it is rifing : and will thereby keep the gauge-rod 
FG more equally to its height.— JVi/^, The arch and 
handle M M is here rq>rerehted on a different fide to 
' what it is fhewn in the preceding figures, in order that its 
dimenfions may the better appear* 

I 

tf a &ews one of the two wires which ferve as direi^ors to 
the float, in order that the gauge^rod FG may be kept 
perpendicular ; for the fame purpofe alfo ferve «;, a piece 
of wood with a hole to receive the gauge^rod, and keep it 
upright. 

' h is the aperture of tfteflaice* 

C£ akant-board, for throwing the water more direftly down 
the opening cd^ into the lower cittern; and 

r ^ is a floping board, for bringing back the water that is 
thrown up by the floats of the wheel. ■ 

Fig. 3. reprefents one -end of the main axis, with a feftion of 
the moveable cylinder, marked O in the preceding figures.. 

A B C D is the end of the axis \ whereof the parts 

B and D are covered with ferrules or hoops of brafs. 

E is a cylinder of metal ; whereof the part marked 

F is the pivot or gudgeon. 

cc is 
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. 4; r i$ the fe&ion of an hollow cylinder of wood, the diameter 
of the interior part being fomewhat larger than the cylin- 
drical ferrule B. 

a a is the feiStion of a ferrule of brafs, driven into the end of 
the hollow cylinder, and which is adjufted to that marked B^ 
(o as to Aide freely thereupon, but with as little (bake as 
poffible. 

b i, ddjggy reprefent the fe£lion of a brafs ferrule, plate, and 
focket, fixed upon the other end of the hollow cylindef ; 
the focket d d. being adjufted to Aide freely upon the cylin- 
der £, in the fame manner as the ferrule a a Aides upon the 
cylinder B : the outer end oif the focket at 

^^ is formed into a fort of button; by pufhing whereof, the 
hollow cylinder will move backwards and forwards, or 
turn round at pleafure upon the cylindrical parts of the axis 
BandE. 

i €y i / , Oj reprefent the fe^ion of a brafs ferrule, alfo fixed upon 
the hollow cylinder : the edge of this ferrule 

^ ^ is cut into teeth, in the manner of a contrate wheel $ and 
the edge thereof 

00 \s cut in the manner of a ratchet* 

Of confequ^nce, when the plate bddb is puflied clofe 
to the ferrule D, the teeth of the ferrule e^ will lay 
hold of 

G, apin fixed into the axis; by which means the hollow 

cylinder is made to turn along with the wheel and axis : 

but being drawn back by the button gg^ the hollow 

cylinder is thereby difengaged ftom the pin G> and ceafe^ 

B 3 turning. 
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turning. Note^ iht weight in the fcale is prevented from 
running back, by a catch that plays in and lays hold of the 
ratchet o o. 



By this means the hollow cylinder upon i^hich the cord 
winds and raifes the weight, is put in adtion and difctkrged 
therefrom inftantaneoufly, while the wheel is in motion: 
for, without fome contrivance of this kind, it would not 
be eafy to make this fort of experiments with any tolerably 
degree of exadnefe. 

The ufe of the apparatus now defcribed will be rendered more 
intelligible, by giving a general idea of what I had in view ; 
but as I (hall be obliged to make ufe of a term which has hereto- 
fore been the caufe of difputation, I think it necefiary to affign 
the fenfe in which I would be underftood to ufe it % and in which 
I apprehend it is ufed by pra£Ucal Mecbanicks* 

The word Power^ as ufed in pra£tical mechanicks, I appre- 
hend to fignify the exertion of ftrength, gravitation> impulfe, or 
preiTure, fo as to produce motipn : and by means of ftrength, 
gravitation, impulfe, or prefliire, compounded with motion, to 
be capable of producmg an ^SeQt : and that no efFe£t is pro- 
perly mechanical, but what requires fuch a kind of powjer to 
produce it. 

The raifing of a weight, relative to the height to which it 
can be raifed in a given time, is the moft proper meafure of 
power ; or, in other words, if the weight raifed is multiplied by 
the height to which it can be raifed in a given time, the produd 
is the meafure of the power raifing it; and confequently, all 
thofe powers are equal, whofe produSs, made by fuch multi- 
plication, are equal : for if a power can raife twice the weight 
to the fame height j or the fame weight to twice^he height, in the ' 
fame time that anather power cai)^ the firft power is double the 

fecond; 
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fecond: and if a power can raife half the weight to double the 
height ; or double the weight to half the height, in the feme time 
that another can, thofe two powers are equal. But notfy all 
this is to be underftood in cafe of flow or equable motion of the 
body raifed; for in quick, accelerated, or retarded motions, the 
vis inertiic of the matter moved will make a variation. 

In Comparing the effe£b produced by water-wheels with the 
powers producing them; or, in other words, to know what 
part of the original power is neceflarily loft in the application> 
we muft previoufly know how much of the power is fpent in 
overcoming the friftiop of the machinery, and the refiftancc of 
the air; ajfo what is the real velocity of the water at the inftant 
that it ftrikes the wheel 5 and the real qu'antity of water ex- 
pended in a given time« 

From the'velocity of the water, at the inftant that it ftrikes 
the wheel, given, the height of head productive of fuch velo - 
city can be deduced, from acknowledged and experimented 
principles of hydroftatics ; fo that by multiplying* the quantity, 
or weight of water, really expended in a given time, by the 
height of a head fo obtained; which muft be confidered as, the ' 
height from which that weight of water had defcended in that 
given time; we (hall have a produd, equal to the original 
power of the water, and dear of all uncertainty that would 
arife from the iri^ion of the water, in paffing ihiall apertures; 
and from all doubts, arifing from the different meafurc of fpout* 
ing waters, afligned hy different authors* On the other hand, 
the fum of the weights raifed by the adion of this water, and 
of the weight required to overcome the friftion and refiftance of 
the machine, multiplied by the height to which the weight can 
be raifed in the time given, the produ<5); will be equal to the 
effeft of that power; and the proportion of the two produ£i$ 
will be the proportion of the povjer to the effe^ : fo that by 
loading the wheel with different weights fucCcflively, we fhall 

B 4 be 



Digitized by VjOOQ IC 



? Experimental zNqui&y, &c. 

be able to determine at what particular load, and velocity of th^ 
vriieel, the cSc£i is a maximum. 

The manner of finding the real velocity of the water, at the 
inftant of its ftriking the wheel ; the manner of finding the va* 
lue of the fri£):ion, refiftance, &c. in any given cafe; and the 
manner of finding the real expence of water, fo for as concerns 
the following experiments, without having rccourfe to theory j 
being matters upon which the following determinations depenc^ 
It will be neceflary to explain them* 



To determine the Velocity of the Water Jiriking the 

Wheel., 

It has already been mentioned, in the references to the figures, 
that weights are raifed by a cord winding round a cylindrical 
part of the axis. Firft, then, let the wheel be put in motion by 
the water, but without any weights in the fcale ; and let th6 
number of turns in a minute be 60 : now it is evident, that was 
the >yheel free from friftion and refiftance, that 60 times the 
circumference of the wheel would be the fpace through which the 
, water would have moved in a minute : with that velocity where- 
with it ftruck the wheel : but the wheel being encumbered by 
friftion jmd refiftance, and yet moving 60 turns in a minute, it 
is plain thsit the velocity of the water mufl have been greatei> 
than 60 circumferences before it met with the -wheel. Let now 
the cord be wound round the cylinder, biit contrary to the ufual 
way, and put a weight in the fcale ; the weight fo difpofed 
(which may be called the counter^weight) will endeavour to aff fl 
the wheel in turning the fame wsly, as it would have been turn- 
ed by the water : put therefore as much weight into the fcalb 
51s, without any water, will caufe it to turn fomewhat fkfter 
than at the rate of 60 turns in a minute ; fuppofe 635. let it now 
be tried again by the water, affiftedby the weight; the wheel 

. thpre- 
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therefore will now make more than 60 turns; fuppofe 64: 
hence we conclude the water ftill exerts fome power in. giving 
motion to the wheel. Let the weight be again increafed, fo as 
to make 644 turns in a minute without water: let it once more 
be tried with water as before; and fuppofe it now to make the 
fame number of turns with water as without, viz. 64^ : hence 
it is evident, that in this cafe the wheel makes the fame number 
of turns in a minute, as it would do if the wheel had no fridlion 
or refiflance at all ; becaufe the weight is equivalent thereto ; 
for was it too little the water would accelerate the wheel be- 
yond the weight: and if too great, retard it; fo that the water 
now becomes a regulator of the wheel's motion ; and the velo- 
city of its circumference becomes a meafure of the velocity of 
the water. 

In like manner, in feeking the greateft produft, or maximum^ 
of effe£l ; having found by trials what weight gives the greateft 
produdt, by fimply multiplying the weight in the fcale by the 
jfiumber of turns' of the 'wheel, find what weight in the fcale, 
when the cprd is on. the contrary fide of the cylinder, will caufe 
the wheel to make the fame number .of turns the fame way, witli- 
out water; it is evident that this weight will be nearly equal to 
all fri<Sion and refiftance taken together ; and confequently, thaj 
the weight in the fcale, with twice ♦ the weight ^ the fcale, add- 
ed to the back or counter-weight, will be equal to the weight 
that could .have been raifed, fuppofing the m^ichine had been 
without friftion or refiftance; and which multiplied by the 
height to which it was raifed, the produft will be the greateft 
cffedi of that po^er. ' - - » - 

'I' - 

* The weight of the fcale makes part of the weight both ways. „ 
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The ^antity of Water expended h found thus : 

The pump made ufe of for replenifhing the head with water . 
was fo carefully made, that, no water cfcaping back by the lea- 
thers, it delivered the fame quantity of water at every ftroke, 
whether worked quick or flow; and as the length of the 
flroke was limited, confequently the value of one ftroke 
(or, on account of more exa£hiefs, 12 ftrokes) was known, by 
the height to which the water was thereby raifed in the head ^ 
which, being of a regular figure, was eafily meafured. The 
fluice, by which the water was drawn upon the wheel, was 
made to ftop at certain heights by a peg ; fo that when the peg 
was in the lame hole, the aperture for the effluent water was 
the fame. Hence the quantity of water expended by any given 
head, and opening of the fluice, may be obtained : for, by ob- 
ferving how many ftrokes a minute was fufficient to keep up 
the furface of the water at the given height, and multiplying 
the number of ftrokes by the value of each, the water expended 
by any given aperture and head in a given time will be given. 

Thefe things will be further illuftrated by going over the eal^ 
cuius of one fet of experiments. 



Specimen of a Set of Experiments: 

The fluice drawn to the firft hole. 

The water/ above the floor of the fluice 30 Inches. 

Strokes of the pump in a minute — 39 J. 

I The head raifed by 12 ftrokes « — 21 Inches. 

The wheel raifed the empty fcale, and made turns in a minute 80 

With a counter-weight of i lb. 8oz. it made - - 85 

Ditto tried with water - - - - - 86 



No- 
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9 — 12 ♦ ceafed working. 

Counter-weight, for 30 turns without water, 2 oz. in the fcalc, 

N. B. The area of the head was 105,8 fquare inches. 
Weight of the empty fcale and pulley, 10 oz. 
Circumference of the cylinder, 9 inches. 
Circumference of the water-wheel, 75 ditto. 



ReduSfion of the above Set of Experiments. 

The circumference of the wheel, 75 inches, multiplied by 
86 turns, give 6450 inches for the velocity of the water in a 
minute ; -^ of which will be the velocity in a fecond, equal to 
107,5 inches, or 8,96 feet, which is due to a head of 15 
inphes f > and this we call the virtual or effective head. 

The 

• iV, B. When the wheel moves fo flow as not to rid the water 
fo faft as fupplied by the fluice, the accumulated water falls back up^ 
on the aperture^ and the wheel immediately ceafes moving. 

f This is determined upon the common maxim of hydroftatics, 
that the velocity of fpouting waters is e^ual to thq velocity that an 

heavy 
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The area of the head being 105,8 inches, this multiplied by 
the weight of water of the inch cubic, equal to the- decimal 
,579 of the ounce avoirdupoife, gives 61,26 ounces for the 
weight of as much water, as k contained in the head, upon 
I inch in depth, -j^ of which 183,83 pounds ; this multiplied 
by the depth 21 inches, gives 80,431b. for the valile of 12 
ftrokes; and by proportion, 39J. {the number made in a mi- 
nute) will give 264,7 lb. the weight of water expended in a 
minute. 

* # 

Now as 264,71b. of water may be confidered as having de- 

fcended through a fpace of 15 inches' in a minute^ the produft 

of thefe two numbers 3970 will exprefs the paiver of the water 

to produce mechanical efFedtsj which were as follows : 

The velocity of the wheel at the maximumy as appears above, 
. was 30 turns a minute ; which multiplied by 9 inches, the cir- 
cumference of the cylinder, makes 270 inchbs ^ but as the fcale 
was hung by a pulley and double line, the weight was only 
raifed half of this, viz. 135 inches.' 

The weight in the fcale at the maximum %lb, ooz, 
. Weight of the fcale and pulley - o lO 

Counter-weight, fcale, and pulley - o 12 . 

Sum of the refiftance • - 9 6 

or /i. 9,375. 

Now as 9)375 lb. is raifed 135 inches, thefe two numbers being 
miJtiplied together, the produft is 1266, which exprefles the 
cffeft produced at a maximum : fo that the proportion of the 
power to tne effe£f is as 3970 ; 1266, or as 10 : 3,18. 

heavy body would acquire in falling from the height of the refer- 

voir; and is proved by the rifing of jets to the height of their 

rcfervoir^ nearly. 

But 
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' But though this is the greateft Jingle tSeSt producible from 
the power mentioned, by the impulfe of the water upon an un*- 
derfhot wheel ; yet, as the whole power of the water is not ex- 
haufted thereby, this will not be the true ratio between the ^«w^r 
of the water, and ihefum of all the ejffiSfs producible therefrom: 
for as the water muft neceffarily leave the wheel with a ve- 
locity equal to the wheel's circumference, it is plain tiiat fome 
pBTt of the power erf the water muft remain after quitting the 
wheel. 

The velocity of the wheel at the maximum is 30 turns a 
ininute ; and confequently its circumference moves at the rate 
of 3)123 feet a fecond, which anfwers to^ a head 1,82 inches ; 
this being multiplied by the expence of water in a minute, viz, 
;i64,7lb. produces 481 for the power remaining in the water 
after it has pafled the wheel : this being therefore dedudied from 
the original power 3970, leaves 3489, which is that part 
of the power which is fpent in producing the effedl 1266; and 
confequently the parf of the power fpent in producing the 
tSc&y is to the greateft effeft producible thereby as 
3489 : 1266 : ; 10 : 3,623 or as 11 to 4. 

The velocity of the water ftriking the wheel has been deter- 
mined to be equal to 86 circumferences of the wheel per mi- 
nute, and the velocity of the wheel at the maximum to be 30 ) 
the velocity of the water will therefore be to that of the wheel 
as 86 to 30 i or as 10 to 3,5, or as 20 to 7. 

The load at the maximum has been fliown to be equal to 91b. 
6. oz. and that the wheel ceafed moving with 12 lb. in the 
fcale : to which if the weight of the fcale is added, viz. 10 
ounces*, the proportion will be nearly as 3 to 4 between 

* The reiiilance qf the air in this cafe ceafes^ and the fridlion is 

not addedf as 12 lb. in the fcale was faiHcient to flop the wheel af« 

ter it had been in fall motion ; and therefore fomewhat more than 

A counterbalance to the impulfe of the water. 

the 
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die load at the maximum and that by which the wheel {ft 
ftopped* 

' It is ibtnewhat remarkable^ that though the velocity of the 
wheel in relation to the water turns out greater than y of the 
velocity of the water, yet the impulfe of the water in the cafe of a 
maximum is more than double of what is affigned by theory; 
diat is, inftead of ^ of the column, it is nearly equal to tbcf 
whole coliunn* 

It muft be remembered, therefore, that in the ptefent cafe, 
the wheel was not placed in an open river, where the natural 
current, after it has communicated its impulfe to the float, has 
room on all fides to efcape, as the theory fuppofes ; but in a 
conduit, or race^ to which the float being adapted, the watef 
cannot otherwife efcape than by moving along with the wheel- 
it is obfervable, that a wheel working in this manner, as foon as 
die water meets the float, receiving a fudden check, it rifes up 
againfl the float, like a wave againfl a fixed obje£l ; infomuch 
that when the fheet of water is not a quarter of an inch thick 
before it meets the float, yet this fheet will a£t upon the whole 
fur&ce of a float, whofe height is 3 inches ; and confequendy 
was the float no higher than the thicknefs of the fheet of water, 
as the theory alfo fuppofes, a great part of the force would have 
been lofi:, by the water dafhing over the float*. 

In 

• Since the above was written, I find that Profeflbr Euler, in 
the Berlin A£b for the year 1748, in a memoir entitled Maxims 
four aranger U plus avantageufement hi machines deftinees a eUver 
de Peau par le moyen de pompes, page 192. § 9. has the following 
paflkge ; which feems to be the more remarkable, as I do not find 
he has- given any demonftradon of the principle therein contained, 
either from theory or experiment ; or has made any ufetherepf ii| 
his calculations on this fubjedl :—-*'' Cependant dansce cas puifque 
** I'eau efl reflechie, & qa'elle decoule fur les aubes vers les cotes, 
*• clle y exerce encQre une force pardculiere, dont TefFet de Tim- 

** pulfion 
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In further confirmation of what is already delivered, I have 
adjoined a table, (TABLE I.) containing the refult of 27 fets of 
experiments, made and reduced in the manner above fpecified. 
What remains of the theory of underihot wheels, will naturally 
follow from a comparifon of the different experiments to* 
gether. 



Maxims and Obfervations deduced from the foregoing 
liable of Experiments. 

Maxim I. That the virtual or effective head being the fame^ 
the effeif will be nearly as the quantity of water expended. 

This will appear by comparing the contents of the columns 
4, 8, and 10, in the fpregoing fets of experiments ; as for 

Example ijlj taken from N°. 8. and 25, viz. 

N**. Virtual Heiad. Water expended. Effed. 

8 ■ 7,29 — 161 328 

25 7,29 — ^ 355 785 

Now the heads being equ^, if the effefts are proportioned to 
the water expended, we fhall haveby maxim ift, 161 : 355 : : 
328 : 723 5 but 723 fells fliort of 785, as it turns out in ex- 
periment, according to N®. 25, by 625 the effeft therefore of 

•' pulfion fera augjncnte ; & expeHcnce jointe a la theqrie a fait 
*' voir que dans ce cas^ la force e(l prefque double : de forte qui'il 
*' feut prendre le double de le fcflion du fil d'eau pour ce qui repond 
*' dans ce cas a le furface des aubes, pourvu qu'elles foient aflez 
" larges pour recevoir ce fupplement de force. Car ii les aubes 
'' netoient plus larges que le fiU on trait d'eau on ne devroit prendre 
" que ne fimple fedion^ tout comme dans le premier cas^ on Paube 
" toute entire eft pappeepar reau." 

N^ 
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N**. IS, compared with N*». 8, is greater than according to the 
prefent maxim in the ratio of 14 to 13^ . 

The foregoing example, with four fimilar ones, arc fecn ftT 
one view in the following Table- 



5- 



to (O 



»o 10 



00 



00 to 



a* 



0000 



Examples. 



^^ N-.Tablel 



bo 
0000 



i;*- 

^-^ 



00 op 



P o 



vOvO ^ 



Virtual 
Head. 



U}Oo 

a^O 
O^ 



10 JO 

^> 00 



00 10 
00 Kji 
10 Va 



00 to 






Expence of 
Water, 



00 Ln 

•^ o 



00 
o. 

*»4 



ON 

Q 



o 



00 



0000 

00 M 






to vO 
OCn 



00 



»o 

ON 

to 



00 



00 

ON 



to 
Ui 
Wt 



00 

00 






<4 



to 

00 



00 

ut 

^4 






to 
to 



00 to 
ui 00 



ON 



00 

Ui 



00 
to 

00 



to 

00 



EfFea. 



O 

o 



I- 



8 



00 

+ 



to 

M 



ON 

to 



Variation. 



^3 

00 



^4 



00 



00 

00 






to 
to 



Proportional 
Variation. ■' 



00 



Hence 



Digitized by 



Google 



tXP£RIM^NtAL^ ENQiflRY, &C» if 

fience therefore, in con^wuring diflferent experiments, as fome 
tall {hort,and others exceed the maximum, and all agree therewith^ 
bs near as can be expefted, in an affair where ib many different 
tircumftances are concerned, we may, atcording to the laws of 
teafoning by in^u£bioh, conclude the maiim trub ; i>izk that the 
zScSts ate nearly as die quantity of water expended^ 



Maxim IL That the expenct of water biifig the fdme^ thk 
tffe^ wtU be nearly as the height ofibe virtual or effe&ive headk 

iThis alfo will appeitf by Comp^ing the contents of columns 
4^ 6y and io> in any of the fets of experiments 



Ekainple i/?, ^ N^. i, and K^ ^4^ i^iz. 

Expence. EffedL 
264,7 — '"""^ i2t66 




38s 



Kow as the expenses are not quite equal, we muft proportion 
tMHe of the effe£ls accordingly : thus 

\y maxiih ift, 26ii ; 264,7 ^ • 3^5 • ^^9 
luidbymax. 2d, 15 : 4,7 : : 1266 : 397 

Difference ----- g 

The cffe<a therefore of N^. 24, compared with N''. 2, i$ led 
^an according to the prefent maxim in the ratio of 49 : 5c^« 
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' The foregoing, and two other funilar examples, arc comprHed 

in the foDowing Table : 
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}Azjtim III. 77>at the quantity of water expended being tbi 
fdme^ the effe& is nearly as tife fquate of its velocity. 

. This will appear by Comparing the Contents of columns 3, 
8, and 10, in any of the fet^ of experiments ; as for 

Example \fi^ */* N°. %i with N°, 24, "Oix.. 

N®.. Turnsinamin* E3cpence. EfTeft- 

2 -*— : ^ 86 — ■ r ■ 264,7 — 1266 

^4 ' ■ "' ■ 48 i-^— .- — ^ 262 ' 385 

T^e velocity bei^g as the nuqiber of turns, wc fhall have, 

by max. ift^ ^62 : 264,7 : 385' : 389 
andby max. 3d^ J ^^^* ; f^^^ \ : 1266 : 394 



PiSerence 



The effea therefore of N®. 24, compared with N°. 2, is lefs 
than by the prefent maxim in the ratio pf 78 ; 79. 

The foregoing, and three other fimilar examples, ?xe com- 
prifed in the following Table : 
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Maxim IV. Tie aperture being the fame ^ the effeS wll he 
nearly as the cube of the velocity of the water ^ 

This alfo will appear by comparing the contents of columns 
3> 8, and lO; as for 

Example i/?, ^N°. i, andT^^. lo, viz. 

N*. Turns. Expence. Effeft, 

I -• 88 . 275 ■ 141I 

10 i 42 >* — ^ ' ^ 114 ■■ 117 

Lemma. It muft here be obferved, that if water pafles out 
of an aperture, in the (ame (e/Xxotiy but with different velocities 
the expence will be proportional to the velocity ; and therefore 
converfely, if the expence is not proportioned to the velocity, the 
fcftion of the water is not the famc^ 

Now comparing the water difcharged with die turns of N®. 
I, and 10, we fliall have 88 : 42 : : 275 : 131,2; but the 
water difcharged by N°. lO, is only 1141b. therefore, though 
the fluice was drawn to the feme height in N**, lO, as in N^. i, 
yet th^ feflion of the water paifing out, was Icfs in N^. lO, 
thanN°. i, in the proportion of 114 to 131,25 confequently 
had the effe£Hve aperture or feftion of the water been the fame 
in N®. 10, as in N^. ?, fo that 131,21b. of water had been 
difcharged inftead of 1 14, the eiFed): would have been increafed 
in the fame proportion \ that is 

by the Lemmdj 88 : 42 : : 275 : 131,2 
bymaximift, 114 : 131,2 : : 117 : 134,5 

tnd by max. 4*, {68?472 \ 74^88} ' ' HH : 



Difference - - 
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The effeS therefore of io, compared with N**. 1, is Ufs than 
it ought to be by the prefent ma*Im in the ratio of 7 : 8. 

.The foregoing, and three other fimilar examf^les, ate con- 
tained in the following Table 
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Obfervations. 
, Obferv. !/?• On comparing column 2d and, 4th, Tab. I. it 
is evident that the virtual head bears no certain, proportion to 
the head of water \ but that when the aperture Is gneater, or the 
velocitj of the water iffuing therefrom lefs, they approach 
nearer to a coincidence; and confequently in the large openings 
of mills and fluices, where great quantities of water are <fif- 
charged from moderate heads, the head of water, and virtual 
head determined from the velocity, will nearly agree, as ex- 
perience confirms. 

Obferv. 2d. Upon comparing the feveral proportions be- 
tween the fower and effect in column i ith, the moft general is 
•that of 10 to 3; the extremes 10 to 3,2 and 10 to 2,8 s but as 
it is obfervable, that where die quantity of water, or the ve- 
locity thereof; that is, where the power is greateft, the 2d 
term of the ratio is greateft alfo : we may therefore well allow 
. the proportion fubfifting in large works, as 3 to i. 

Otftrv. 3^. The proportions of velocities between the water 
and wheel in column 12, are contained in the limits of 3 to i 
and 2 to I ; but as the greater velocities approach the limit of 
3 to i,^ and the greater quantity of vrater approach to that of 
a to I, the beft general proportion will be that of 5 to 2. 

Obferv^ /^th. On comparing the numbers ,in column 13, it 
appears, that there is no certain ratio between the load that the 
wheel will carry at its maximum^ and what will totally ftop it^; 
but that they are contained within the limits of 20 to 19, and 
of 20 to 15 ; but as the efFe<El approaches neareft to the ratio of 
20 to 15, or of 4 to 3, when the power is greateft, whether by 
increafe of velocity, or quantity of water, this fe6ms to be the 
moft applicable to large works ; but as the load that a wheel 
ought to have, in order to work to the beft advantage, can be 

C 4 ' affignedj 
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gfSgned, by knowing the effect: it ought to produce, and d^ 
velocity \t ought to have in producing it ; the exad knowledge of 
the greateft load it will bear, is of the lefs confequence in 
praftice. 

It is to be noted, that in all the examples under the three laft 
of the four preceding maxims, the elFeft of the lefier power 
fiiUs fliort of its due proportion to the greater, when compared 
by its maxims except the laft example of maxim 4th 3 and 
hence, if the experiments are taken ftriftly, we muft infer^ 
that the efFeds increafe and diminifh in an higher ratio than thofe 
maxims fuppofe : but as the deyiaticn is not very confiderable, 
the greateft being about i-8th of the quantity in queftionj and 
as it is not eafy to make experiments of fo compounded a nature 
with abfolute precifion j we may rather ilippofe, that the lefler 
power is attended with fome fri<%ion, or,works under fome dit 
advantage, which has not been duly accounted for; and therefore 
we may conclude, that thefe maxims will hold very nearly, 
when applied to works in large. 

After the experiments above mentioned were tried, the wheel, 
which had originally 24 floats, was reduced to twelve; which 
t:aured a diminution in the. efFefl:, on account of a greater 
quantity of water efcaping between the floats and the floor; but 
a circular fweep being adapted thereto, of fuch a length, that 
one float entered the curve before the preceding one quitted it, 
the eiFeft came ib near to the former, as not to give hopes of 
advancing it by increafing the number of floats beyond 24 im 
this particular wheels 
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PAR T IL 

Concerning Overshot Wheels. 

Read before the Royal Society^ May 24, 1759. 



N the former part of this eflay, we have confidered the im- 
pulfe of a confined ftream, afting on Underjbot Wheels. We 
X)pw proceed to examine the power and application of water, when 
a&ingby its gravity on Overjhot Wheels. 

In reafoning without experiment, one might be led to ima* 
gine, that however different the mode of application is; yet that 
whenever the fame quantity of water defccnds through the fame 
perpendicular fpace, that the natural effeftive power would be 
equal : fuppofing the machinery free from friflioh, equally cal- 
culated to receive the full efFeft of the power, and to make the 
mofl of it ; for if we fuppofe the height of a column of water to 
be 30 Inches, and retting upon a bafe or aperture of one inch 
fquare, every cubic inch of water that departs therefrom will 
acquire the fame velocity, or momentum^ from the uniform prel^ 
flire of 30 cubic inches above it, that one cubic inch let fall from 
the top will acquire in falling down to the level of the aperture; 
vi%. fuch a velocity as, in a contrary direfkion, would carry 
it to the level from whence it fell * ; one would therefore 
iuppofe, that a cubic inch of water, let fall through a fpace of 
30 inches, and there impinging upon another body, would be 
capable of producing an equal eiFe£b by coUifion, as if the fame 
cubic inch had defcended through the fame fpace with a flower 
motion, and produced its efFe£b gradually : for in both cafes 
jgravity z&s upon an equal quantity of matter, through an equal 

* This is a confeqaence of tl|e riling of jets to the height of their 
ircfcrvoir* ncarl/i 

fp 
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fpace* ; and confequently, that whatever was the ratio between 
the power and effed in undeHhot wheels, the fame would obtain 
in overQiot, and indeed In all others : yet, however conclufive 
this reafoning may feeing it will appear, in the courfe of the follow* 
ing dedui^ions, that the effeA of the gravity of defcending^ bodies 
is very different fromtheeffe£lof the ftroke of fuch as are nom 
#/tf/?/V, though generated by an equal mechanical power. 

The alterations in the machinery already defcribed, to accom- 
modate the £ime for experiments on overihot wheels^ were prin« 
cipally as follows : 

Plate IL Fig. 2. The fluice I b being fhut down, the rod 
H I was unfcrewed and taken off. 

The fkndeHhot water*wheel was taken off the axis, and in- 
fiead thereof an overfhot wheel <^ the fame diameter was put 
into its place. N&te^ This wheel was two inches in the flu'oud 
or depth of the bucket 5 the number of the buckets was 36. 

The ftaadards S and T, Fig^ i. were raifed half an inch, fo 
that the bottom of the wheel might be clear of ftagnant water. 

A trunk, for bringing the water upon the wheel, was fixed 
according to the dotted lines / gy- Fig* 2. The aperture was 
adjufted by a (buttle b iy which alfo clofed up the outer end of 
the trunk, when the water was to be flopped. 

Fi£. 3. The ratchet $ «, not being of one piece of metal 
with the ferrule eiy i i (though fo defcribed before, to prevent 
imneceffiLry-diflindiom), was with its cjitch turned the contrary 
fide; confequently the moveable barrel would do its office 
^equally, notwithftanding Uie water^wfaed^ when at work, moved 
^e contmry way. 

• Gravity, it is true, afts a longer fpace oftime upon the body 
that defcetads flow than upoa that which falls quick ; but this can- 
Hot occdion the difference in the effed : for an eladic body falling 
through the fame fpace in the fame time, will, by collifion upon 
another daftic body» rebound nearly to the height from which it 
fell ; or, by communicating its motion^ caufe an equal one to af* 

'Cend to the fame height. 

Spifcimen 
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Specimen of a Set of Experiments. 

Head 6 inches, / 
144 ftrokes of the pump in a minute, I2 ditto =: .80 lb.* 
Weight of Ae. fcale (being W6t) lO^-oz. 
Counterweight for 20 turhs, befides the icale, 3 ozi 

Weight lit 
No. the Scale. Turns. Produt9:. Obfervations. 

I o /*. — 60 ^ Threw ilioft part 

2 I — — 56 '- — > of the. water out 

3 . 2 — 52 — — y of the wheel. 

4. _— 3 49 147 T Received the water 

5 • 4 47 188 J more quietly* 

6 — - 5 45 — 225 , ■ 

7 6 42i — 25s 

8 — 7 41 287 

9 8 38t 308 ' 

10 9 364 328^ 

II 10 3Si 355 

12 II 32J 360!: 

13 i^ 3ii 375 

,4 13 _^ 28I 3704 

15 —^ 14 274 385 

16 — — 15 26 390 

J7 . 16 24i 392 

j8 17 221 3861. 

. 19 i8 .; 2i| 39ii 

20 -^- 19 — ^ 20| - — 394J \ 

, f maximum* 

21 — — 20 19J 395 J ***""""*• 

22 21 i8i 388^ 

23 22 — 18 — 396 Worked irregular. 

24 — — ^ 23 — Overfet by its load, 

* The fmall dUference, in the value of 12 ftrokes of the pump> 
from the former experiments, was owing to a fmall difference in the 
kngth of the flrokc^ occafioned by the warping of the wood. 

' ReduHion 
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ReduElion ^f the preceding Specimen. 

In thtie experiments the head being 6 inches, and the height 
of the wheel 24 inches, the whole defcent will be 30 inches : 
the expence of ^ater was 14-^ ftrokes of the pump in a minute^ 
whereof 12 contained 80 lb. > therefore the water expended i(i a 
minute was 96>jlb. which multiplied by 30 inches^ gives the 
f^wer = 290a 

If we take the 20th experiment for the maximum^ we AaU 
have 20 \ turns in a minute, each of which raifed the weight 
4 ^ inches, that is, 93,37 inches in a minute. The weight m 
the fcile was iglb. the weight of the fcale 10 t oz. ; the coun- 
terweight 3 oz. in the fcale, which, with the weight of the fcale 
104^ oz, makes in the whole 20 4- lb. which is the whole refift-» 
ance or load: this, multiplied by 93,37 inches, p[iakes 1914 for 
the eiFea. 

The rath therefore of the power and effiSf will be as 
2900 : X914, or as 10 : 6,6, or as 3 ; 2 nearly. 

But ii we compute the power from the heighl of the wheel 
only, we fhall have 96ylb. multiplied by 24 inches = 2320 for 
the power^ and this will be to the effkSi as 2320 : 1914, or a& 
10 : 82^ or as 5 : 4 nearly. 

The reduftion of this fpecimen is fet down in N*. 9, of the 
following Table; and the reft were deduced from a fimilar fet 
^ experiments, reduced in the fame manner. 



Table 
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TabL£ II. containing the Refult of Sixteen Sets of 
Experiments on Overjhot Wheels* 
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57 
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30 
7< 



20|. 
20| 
2li 
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810 
1530 
1530 
17 10 
20701846 



28 



731 
96* 



i8| 

20^ 



i7t 

2(4 



2090 

2755 



720 
1360 
1360 

1524 



556 

1060 
1 167 

1245 

1500 10 



10 
10 

10 
10 



6,9 
6,9 

7>6 
7>3 
7>3 



10: 
10: 
10: 
10: 



8,2 



10: 8,2 § 



1764 

2320 



1476 
1868 



10 : 7, 
10 : ^,8 



10:845 
10:8, 



30 
30 
30 



90 

9^ 

iJ3t 



20 

20|^ 
21 



i9i 
23t 



2160 

204^ 2900 2320 

2720 



2700 
2900 

3400 



^755 
1914 
2221 



10 : 6,5 
10 : 6,6 
10 : 6,5 



it : 8,1 
10: 8,2 
10 : 8,2 



33 
33 
33 



56 
106 
146I 



20^ 
22^ 
23 



35 
35 
35 



2. 



65 
120 

1634 



2li 
25 



I3t 
2li 

27t 



8701360 



35202 



484( 



560 
.03520 



1230 

2153 
2846 



10:6,6 
10 : 6,1 

io:5>9 



i6iJ2275 

25-i-4200 

26115728 



1560 
2880 

3924 



1466 10: 6^5 



2467 



8. 



10:5,9 



2981 10: 5,2 



10:9, 
10 :B^ 
10:8,1 



10:9,4 
10:8,6 
10:7,6 



10. 
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Obfervations and DeduSlions from the foregoing 
Experiments. 

L Concerning the Ratio between the Power andEffeB 
of Overjhot Wheels. 
The cffefUve power of the water muft be reckoned upon the 
whole defcent ; becaufe it muft be raifed that height> in order to 
be in a conditioit of producing the fitme efie£l a fecond time. 

The 
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The ratios between the fawifsfo eftimated, and the ejifff 
at the maximum deduced from the feveral fets of experiments, 
are exhibited at one view in column 9. of Table IL 5 and 
from hence it appears, that thpfe ri^tios differ from that of 10 
to 7,6 to that of |0 : 5,2| that is, nearly from 4 : 3 to 4 : 2. In 
thofe experiments where the heads of water and quantities ex^ 
pended are leaft^ the proportion is nearly as 4 : 3 j but where 
Ac heads and quantities are greateft, it approaches nearer to 
that of 4 ; 2; and by a medium of the'whole, the ratio is that of 
3 : 2 nearly. We have feen before, in our obfervations upon the 
cffe6b of underihot wheels, that the general ratio of the power 
to the cffeia, when greateft was 3:15 the effeSi therefore of 
e^erjbct wheels^ under the fame circumftan^ef of quantity and 
fally is at a medium double to that of the underjhot : and, as a 
confequence thereof, fA^/«fl»-^/<j/?/V bodies^ whena£fing by their 
impulfe or eollifiony communicate only a part of their original 
fftwer ; the other part being (pent in changing their figure in 
confequence of the ftroke. 

The powers of water computed from the height of die Wheels 
pply compared with the efFe^s, as in column 10, appear to ob- 
ftrve a more conftant ratio : for if we take the medium of each 
cjafs, which js fet down in column 11, we fhall fi;id the extremes 
to differ no more than from the ratio of 10 : 8,1 to that of 
10 : 8,5 ; and as the fecond term of the ratio gradually increafes' 
from 8,1 to 8,5, by an increafe of head from 3 inches to ii, the 
epcee(s of 8,5 above 8,1 is to be imputed to the fuperior impulfe 
, 0/ the water at the head of 11 inches above that of 3 inches : 
fo that if we reduce 8,t to 8, on account of the impulfe of the 
3 inch head, we Jhall have the ratio of the power^ computed 
upon the height of the wheel finfyj to the effeSf at h maximum #r 
10 i%y or as 5:4 nearly : and from the quality of the ratio 
between pow^ and effe^ fubfifting where, the conftrudions 
are iimilar, we muft infer, that the ejfeSls^ as well as the .powers, 
are as the quantities of water 4ind perpendicular heights multi^ 
^Ued together refpe^ively. 

U. Con* 
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II. Concerning the moft prapir Height of the Wheel in 
Proper tim to the whole Defcent. 

* We have already fcen, from the preceding obfcnration, that 
the eSedl of the fame quantity of water, defcending through the 
fame perpendicular fpace> is double, when ading by it$ gravity 
upon an overihot wheel, to what the fame produces when aii^ingby 
hs impulie upon an underfliot* It aUb appears, that by increafiog 
the head from 3 inches to 11, that is, the whde defcenit, from tf 
inches to 35, or in the ratio of 7 to 9 nearly, the effc& is advanced 
no more than in the ratio of 8,z to 8,4 that is, as 7 : 7,26; and 
confequently the increafe of effed as not j-7tb of the increafe of 
perpendicular height Hence it follows, that the higher the wbfst 
is in proportion tptbe whole defcent^the greater will be the effe^\ 
becatife it depends lefs upon the impulfe of the head, and more 
upon the gravity of the water in the buckets : and if we confider 
how obliquely the water iiTuing from the bead muil: ftrike the 
buckets, we flull not be at a Jofs to account for the little ad- 
vantage that arifes from the impulfe thereof: aj^ (ball immedi* 
ately fee of how little confequence tbis impul& is to the elFedof 
an overfhot wheel However, as every thing has its limits, ib 
has this: for thus much is defirable that the water Jhould have 
fimewhat greater velocity ^ than the circumference of the wheels in 
^ming thereon ; otherwife the wheel will not only be retarded, 
by the buckets ftr iking the water, but thereby daihing a part of 
it over, ib much of the power is loft* 

The velocity that ^ circumference of the wheel ought to 
Jiave, being known by the following deduiHons, the head requi* 
fite to give the water its proper velocity is eafJy confuted from 
the common rules of hydroftatics; and will be found much leis 
than what is generally pra&i&d* 



III. Qn^ 
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III. Concerning the Velocity of the CircufHtferente <f tU 
Wheels in order to product the greattft EffeEl. 

If a body is let fell freely froih the furface of the head to the 
bottom jof the defcenl, it will take a cefuitt time in felling J 
and in diis cafe the whole aSion of gravity is fpent in giving 
the body a certain velocity : but if this body in felling is made 
to aft upon fome other body, fo as to produce a mechanical 
'tfFca, the felling body will be retarded; beeaufe a part of the 
aftion of gravity Is then fpent in producing die cflFeS, and the 
remainder only giving motion to the felling body: and therefore 
the flower a body depends.^ the greater tvill he the portion of the 
action of gravity applicable to the producing a mechanical effect i 
and in confequence the greater that effeft may be. 

If a ftream of water fells into the bucket of ah bverlhot 
whed^ it is there retained until the wheel by moving round 
difcharges it: of confequence the flower the Wheel ihoves^ the 
. more water eaclvbucket will receive : (b that what is loft iii 
fpeed, is gained by the prefliire of a greater quantity of wate^ 
afting in the buckets at onc^e: knd, if confidered only in this 
light, the mechanical power of an ovetfhot wheel to produce efFefts 
will be equal whether it moves qUick or flow: but if we attend 
to what has been juft now obferved of the felling body, it Will 
ftppes(r that fo much of the 2l£Uon bf gravity, as is eihpldyed iii 
giving the wheel and v^ter diefein a greater Velocity, muft be 
fubtrafted from its preflTure upon the buckets; fo that,, though 
the produft made by multiplying the number of Cubic inches 
of water aftiftg in the wheel at bnce by its velocity will be the 
feme in all cafes; yet, as each cubic indi, when the velocity Is 
greater does not prefs fo much upon the bucket as when it ii 
. lefsy the power of the water to produce efFeib will be greater ill 
the lefs velocity than in the greater: and hence we are led to 
this general rule, that^ caeteris paribus, the lefs the Velocity ofthi 
v^htely the greattr will be the effea thereof. ^ A cpnfinnation of 

this 
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this dodrine, together with the limits it is fubjoft to in praAIee, 
may be deduced from the foregoing Specimen of a fet of expe« 
riments. , 

From thefe experiments it appears that, when the wheel made 
about 20 turns in a minute, the efFei^ was, near upon, the 
greateft. When it made 30 turns, the effe<a was diminiflied 
about ^ part ; but that when it made 40, it was diminif^ed 
about ^i when it made lefs than 18^ its motion was irregular; 
and when it was loaded fo as not to admit its making ;8 turns^ 
the wheel was overpowered by its load. 

It is an advantage in praftice, that the velocity of the wheel 
{hould not be diminifhed further than what will procure fome 
folid advantage in point of power : becaufe, arteris paribus^ as 
the motion is flower, the buckets muft be made larger ; and the 
wheel being more loaded with water, the ftrefs upon every part 
of the work will be increafed in proportion : The bift vehcityfir 
pra^ice therefore will be fuch^ as when the wheel here ufed 
made about 30 tur^ns In a minute ; that isj when the velocity of 
the circumference is a little more than ^feet in a feconL 

Experience confirms, that this velocity of 3 feet in a fecond 
is applicable to the higheft overfliot wheels, as well as the loweft ; 
and all oAer parts of the work being properly adapted thereto, 
will produce very nearly the greateft efFeft poflible : however 
this alfo is certain from experience, that high wheels may deviate 
further from this rule^ before they willlofe their power ^ by a given 
aliquot part of the whole^ than low ones can be admitted to do ; 
for a wheel of 24 feet high may mov^ at the rate of fix kei 
per fecond without lofing any confiderable part of its power*; 

• The 24 feet wheel going at 6 feet in a fecond, feems Owing to 
the finail proportion that the head (reqaifite to give the water the 
proper velocicy of the wheel) bears to the whole height. 

D and 
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and on the other hand) 1 have feen a wheel of 33 feet high^ 
that has moved very fieadily and well with a velocity but little 
exceeding 2 feet. 

IV. Concerning the Load for an Overjhot WheeU 
in Order that it may produce a Maximum. 

The maximum load for an overjhot wheely is that which n^ 
duces the circumferences of the wheel to its proper velocity ; and 
this will be known, by dividing the tffcA it ought to produce in 
a given time by the fpace intended to be defcribed by the circum- 
ference of the wheel in the fame time : the quotient will be the 
refiftance overcome at the circumference of the wheel ; and is 
equal to the load required, the fridUon and refiftance of the ma- 
chinery included. 

y. Concerning the greateji pojjible Velocity of an 

Overjhot Wheel. ^ .^^ .^w,*.^«i^ 

The greateft velocity that the circumference of an overfhot 
wheel is capable of, depends jointly upon the diameter or height 
of the wheel, and the velocity of falling bodies ; for it is plain 
that the velocity of the circumference can never be greater, than 
to defcribe a femi-circumference, while a body let fall from the 
top of the wheel will defcend through its diameter ; nor indeed 
quite fo great, as a body defcending through the fame perpen- 
dicular fpace cannot perform the fame in fo fmall a time when 
paiEng through a femi-circle, as would be done in a perpendi- 
cular line. Thus, if a wheel is 16 feet I inch high, a body 
will fall through the diameter in one fecond : this wheel there- 
fore can never arrive at a velocity equal to the making one 
turn in two feconds ; but, in reality, an overfhot wheel can never 
come near this velocity} for when it acquires a certain fpeed, 
the gfcatcft part of the water is prevented frc^m entering the 

buckets; 
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buckets J arid the reft, at a certain point of its defcent, Is thrown 
out again by the centrifugal force. This appears to have been 
the cafe in the three firft experiments of the foregoing fpecimen ; 
but as the velocity, when this begins to happen, depends upon 
the form of the buckets, as well as other circumftances, the ut^ 
moji velocity of overjhot wheels is not io be determined generally : 
and, indeed, it is the lefs necfeflkry in praftice, as' it is in this 
circumftance incapable of producing any mechanical effeii^ for 
reafons already given. 

VL Concerning the greateji Load that an Overjhot 
Wheel can overcome. 

The greateji load an overjhot wheel will overtone^ c^nfidered 
nhjira^edlyy is unlimited or infinite : for as the buckets may be 
of any given capacity, the more the wheel is loaded, the flower 
it tjirns ; but the flower it turns, the more will the buckets be 
fjled with water ; and confcquently though the diameter of the 
wheel and quantity of water expended, are both limited, yet no 
tefifl:ance can be afligned, which it is not able to overcome : but 
in prafti<ce we always meet with fomething that prevents our 
getting into infinitefimals ; for when we really go to work to 
build a wheel, the buckets muft neceflarily be of fome given 
capacity ; and confequentlyy^fA a refijlance willjlop the wheels 
us is equal to the effort of all the buckets in one femi^ircumfe^ 
rence filled with water. 

The ftruAure of the buckets being given; the quantity of 
this effort may be afligned ; but is not of much confequence to 
the praftice, as in diis cafe alfo the wheel lofes its power ; for 
though here be the exertion of gravity upon a given quantity 0^ 
water, yet being prevented by a counterbalance from moving^ 
is capaWe of producing fio mechanical effeffy according to our 
definition. But, in reality, an overlhot wheel generally ceafes 
to be ufeful before it is leaded to that pitch s fotwben it meets with 

D a fttb 
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fuch a rejiftance as to diminijh its velocity to a certain degree^ iff 
motion becomes irregular ; yet this never happens until the velo^ 
city of the circumference is lefs than 7. feet per fecond^ where the 
refijiance is equahlcy as appears not only from .the precedifij 
Specimen, but from experiments on larger wheels. 

Scholium. 

Having now examined the difFefent effe£ls of the power rf 
watery when aSing by its impulfe^ and by its iveight, under the 
titles of underjhot and overjhot wheels ; we might naturally pro- 
ceed to examine the effefts when the impulfe and weight are 
combined, as in the feveral kinds of breaji wheels, isfc. but, 
what has been already delivered being carefully attended to, 
the application of the fame principles in thefe mixt cafes will be 
eafy, and reduce what I have to (ay on this head into a narrow 
cooipafs : for all kinds of wheels where the water cannot defcend 
through a given fpace, unlefs the wheel moves therewith, are to 
be confidered of the nature of an overfliot wheel, according to 
the perpendicular height that the water defcends from ; and all 
thofe that receive the impulfe or (hock of the water, whether 
in an horizontal, perpendicular, or oblique dire<£lion, are to be 
confidered as underfliots. And therefore a wheel, which the 
water ftrikes at a certain point below the furfece of the head, 
. and after that defcends in the arch of a circle, preffing by its 
gravity upon the wheel; the effeEl of fuch a wheel will he . 
equal to the effeSf of an under/hot, whofe head is equal to the 
difference of level between the fur face of the water in the re» 
fervoir and the point where it Jirike^ the wheel, added to that 
ef an overjhot, whofe height is equal to the difference of level 
between the point where it Jirikes the wheel and the level of 
the, taiUwater. It is here fuppofed, that the wheel receives the 
ihock of the water at right angles to its radii \ and that the ve* 
locity of its circumference is properly adapted to receive the 
utmoft advantage of both thefe poWers^ othcrwife a redudiqn 
mud be made on that account. ^ 

Many 
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Many obvious ^d confidera^le improvements upon the com- 
mon practice naturally offer them&lves, from a due confidera* 
tion of the principles here eftabliflied, as well as many popular 
errors fhow themfdves in view: but as my prefent purpofe ex- 
tends no farther than the laying down fuch general rules as 
will be found to anfwer in praftice, I leave the particular 
application to the intelligent artift, and to the curious in thefe 
matters. 
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PA9.T III. 

On the Construction and Effects of 
Windmill Sails. 

Read before the Royal Society 3 1 May and 14 June 1759- 

An trying experiments on windmill fails, the wind itfelf is too 
uncertain to anfwer the purpofe, we muft therefore have recourfc 
to an artificial wind. 

This may be done two ways ; either by caufing the air to 
move againft the machine, or the machine to move againft the 
air. To caufe the air to move againft tihe machine, inafufficient 
volume, with fteadinefs and the requifite velocity, is not eafily 
put in praftice : To carry the machine forv^ard in ^ right line 
againft the air, would require a larger roorii.than I could conve- 
niently meet with. What I found moft prailicable, therefore, 
was to carry the axis^ whereon the fails were to be fixed, pro- 
greflively round in the circumference of a large circle. Upon 
this idea * a machine was conftrufted, as foUovirs. 

Plate 

* Some years ago Mr. Roufe, an ingenious gentleman of Har- 
borough> in Leicefterfhire> fet about trying experiments on the ve- 
locity of the wind, and force thereof upon plain farfaces and wind- 
mill-fails ; and, much about the fame time, Mr« Ellicot^ contrived 
a machine for the ufe of the late celebrated Mr. B. Rpbins, for try- 
ing the reMance of plain furfaces moving through the air. The 
niachines of both thefe gentlemen were much alike, though at that 
time totally unacquainted with each other's inquiries. But it often 
happens, that when two perfors think juflly upon the fame fabjeft, 
their experiments are alike. This machine was alfo built upon the 
fame idea as the foregoing ; but differed in having the hand for the 
firftmgver^ with a pendulum for its regalator^ inilead of a weight^i 
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Plate III. Fig. i. 

A B C is a pyramidical frame for fupporting the moving parts. 

D £ is an upright axis, whereon is framed 

F G, an arm for carrying the fails at a proper diftance from the 
centre of the upright axis. 

H is a barrel upon the upright axis, whereon is woimd a 
cord ; which, being drawn by the hand, gives a circular 
motion to the axis, and to the arm F G; and thereby 
carries the axis of the fails in the circumference of 
a circle, whofe radius is DI, caufing thereby the fails to 
ftrika the air, and turn round upon their own axis. 

. At L is fixed the end of a fmall line, which pafling through 
the puUies MN O, terminates upon a fmall cylinder or 
barrel u|)on the axis of the fails, and, by winding there- 
on, raifes 

P the fcale, wherein the weights are placed for trying the 
power of the fails. This fcale, moving up and down 
in the direftion of the upright axis, receives no diftur- 
bance from the circular motion. 

Q^R two parallel pillars (landing upon the arm F G, for tha 
purpofe of fupporting and keeping fteady the fcale P j. 
which is kept from fwinging by means of 

as in the former ; which was certainly beft for the purpofes of mea- 
furing the impulfe of the wind, or refiftance of plains ; but the lat- 
ter is more applicable to experiments on windmill fails ; becaufe every 
change of pofition of the fame fails will occafion their meeting the ; 
air with a different velocity, though urged by the fame weight. 

D4 ST, 
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S T, two fmall chsuns, which hang loofely round the tw© 
pillars. 

W IS a weight for bringing the centre of gravity of the rhove- 
able part of the machine into the centre of motion of the 
axis D E. 

V X is a pendulum, compofed of two balls of tead, which afe 
moveable upon a wooden rod, and thereby Can be fo ad- 
jufted, as to vibrate in any time required. This pendu- 
lum hangs upon a cylindrical wire, whereon it vibrates, 
as on a rolling axis. 
Y is a perforated table for fupporting the axis of the pen- 
dulum. 

I^cte^ The pendulum being fo adjufted, as to make two vi- 
brations in the time that the arm F G is intended to make 
one turn ; the pendulum being fet a vibrating, the ex- 
perimenter pulfsby the cord Z, with fufficient force to 
make each half revolution of the arm to correfpondwith 
each vibration, as equal as poffible, during die number 
of vibrations that the experiment is intended to be con- 
tinued, A little praftice renders it eafy to give motion 
thereto with all the regularity that is neceflary. 

Specimen of a Set of Experiments. 

Radius of the (ails — •— 21 inches 

Length of ditto in the cloth . -— — 18 
Breadth of ditto — . -»^ — 5,6 • 

^ f Angle at the extremity — *— 10 degrees 

C Ditto at the greatcft inclination — 25 

20 

• In all the following experiments the angle of the iails is ac« 
counted from the plain of their motion; that isj when they iland 

at 
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io turns of the fails raifed the weight — 11,3 inches. 
Velocity of the centre of the fails, in the cir-l 
* cumference of the great circle, in a fc- > 6 feet cinches, 
cond — — *— . J 

Continuance of the experiment — 52 feconds. 

No. Wi. in the fcale. Turns. Produft. 

1 o/i. 108 o 

a f> 85 510 

3 6i 81 526^ 

4 7 78. 546 

5 ji 73 547imaximum 

6 -— 8 65 520 

-W JB. The weight of the fcale and pulley was 30Z.; and that 
102. fufpended upon one of the radii, at 124 inches from the 
centre of the axis, juft overcame the friftion fcale and load of 
y^lb.; and placed at 14^^ inches, overcame the fame reiift<»- 
ances with 9 lb. in fhe fcale. 

ReduSlion of the preceding Specimen. 

N°. 5. being taken for the maximum, the weight in the fcale 
was 71b. 80Z. which, with the weight of the fcale and pulley 
30Z. makes 71b. iioz. equal to 123 cz.; this added to the fric- 
tion of the machinery, the fum is the whole refiftancc*. The 

at right angles to the axis, their angle is denoted o^', this notation 
being agreeable to the language of pradlitioners, who call the an- 
gle fo denoted, the weather of the fail; which they denominate 
greater or lefs, according to the quantity of this angle. 

• The refinance of the air is not taken into the account of 
refinance, because it is infeparable from the application of the 
pcwer; 

fridion 
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friction of the machinery is dius deduced : Since 20 turns of the 
fails raifed the weight 11,3 inches, with a double line, the radius 
of the cylinder will be .18 of an inch; but had the weight been 
raifed by a fingle line, the radius of the cylinder being half the 
former, viz.. .09, the refiftance would have been the fame : wa 
Ihall therefore have this analogy ; as half the radius of the cylin- 
der, is to the length of the arm where the fmall weight was ap- 
plied ;' fo is the weight applied to the arm, to a fourth weight, which 
is equivalent to the fum of the whole refiftance together; that is, 
•09 : 12,5 : : loz. : l390Zt this exceeds 1230Z. the weight in 
the fcale, by i6oz. or ilb. which is equivalent to the fridion; 
find which, added to the above weight of 7 lb. 11 o:^. makes 8 lb. 
lioz.=8,69lb. for the fum of the whole refiftance; and this, 
multiplied by 73 turns, makes a produft of 634, which may be 
called the reprefentative of the fffe^^ produced. 

In like manner, if the weight gib. which caufed the (aib to 
Tcft after being in motion, be augmented by the weight of the 
fcale and its relative friftion, it will become 10,37 lb. The re- 
fult of this fpecimen is fet down in N**. i2, of Table III. and 
the refult of every other fet of experiments therein contained 
were made and reduced in the fame manner* 



Table III. 
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?tts of Experiments on Windmill Sails 
and ^antities of Surfaces. 
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Obfervatiom and DeduBiomfrom the preceding 
Experiments. 

L Concerning the heft Form and Pofttion of 
Windmill Sails. 

In Table III. N''. i. is contained the refult of a fet of expe- 
riments upon fails fet at the angle which the celebrated MonC 
Parint, and fucceeding geometricians for many years, held to be 
thebeft; viz. thofe whofe planes make an angle 55° nearly with 
the axis ; the complement whereof, or angle that the plane of 
the fail makes with the plane of their motion, will therefore be 
35^,, as fet down in col. 2. and 3. Now if we multiply their 
number of turns by the weight they lifted, when working to the 
greateft advantage, as fet down in columns 5. and 6. and com- 
pare this produft (col. 8.) with the other produdts contained in 
the fame column, inftead of being the greateft, it turns out the 
leaft of all the reft. But if we fet the angle of the fame planes 
at fomewhat lefs than half the former, or at any angle from 15* 
to i8%as inN°. 3. and 4. that is, from 72° to 75° with the axis, 
the produa will be increafed in the ratio of 31 : 45; and this is 
the angle moft commonly made ufe of by praaitioncrs, whea 
the furf^ces of the fails are planes. 

If nothing more was intended than to determine the moft effi- 
cacious angle to make a mill acquire motion from a ftate of reft, 
or to prevent it from paffing into reft from a ftate of motion, we 
fhall find the pofition of N°. i. the beft 5 for if we cojifult col. 
7. vjfhich contains the leaft weights, that would make the fails 
pafs from motion to reft, we fliall find that of N°. i. (relative 
to the quantity of cloth) the greateft of all, But if the fails are 
intended, with given dimenfions, to produce the greateft effeft 
poflible \n a given time, We muft entirely rejeft thofe of 
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N®. I. and, if we are confined to the ufe of planes^ conform our^ 
felves tofome angle between N®. 3. and^ that isy not lefs than 72"*, 
cr greater than 75**, with the axis. 

The late celebrated Mr. Madaurin has judicioufly diftinguiih- 
ed between the action of the wind upon at (ail at reft, and a fail 
in motion; and, in confequence, as the motion is more rapid 
near the extremities than towards the centre, that the angle of 
the different parts of the fail, as they recede from the centre, 
fliould be varied. For this purpofe he has furnifhed us with 
the following theorem*. " Suppofe the velocity of the wind to 
** be reprefented by tf , and the velocity of any given part of the 
« fail to be denoted by c 5 then the effort of Ae wind upon that 
« part of the (ail will be greateft when the tangent of the angle, 
** in which the wind ftrikes it, is to radius as 

y^ gc c 2^ 
" r 2+-- — + — to I." This theorem then a(Egns the 

4.aa 2a 
law, by which the angle is to be varied according to the ve- 
locity of each part of the fail to the wind: but as it is left unde- 
termined what velocity any one given part of the fail ought to 
have in refpefl: to the wind, the angle that any one part of the 
£ul ought to have, is left undetermined alfo j fo that we are ftill 
at a lofs (or the proper data to apply the theorem. However, 
being willing to avail myfelf thereof, and confidering that any 
angle from 15** to 18** was beft fuited to a plane, and of confe- 
quence to the bed: mean angle, I made the Ikil, at the middle 
diftance between the centre and the extremity, to ftand at an 
angle of 15° 41" with the plane of the motion 5 in which cafe the 
velocity of that part of the fail, when loaded to a maximumy 
would be equal to that of the wind, or cn^^. This being de- 
termined, the reft were inclined according to the theorem, as 
follows ; 

• Maclaarin's account of Sir Ifaac Newton's philofophlcal dis- 
coveries, p. 176, art. 29. 

Angle 
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Parts of the 
radius from*^ 
the centre. 



Angle with Angle of 
the axis. . weather. 
^^ - . c-^ - • 63^* 26'. - 26^ 3+' 
|. - - r=|tf - - 69 54 - - 20 6 
4..-r=« --74 19. -15 41 middle. 
|.--f=i-^-77 20-- 12 40 
|...r=i|tf -79 27-. 10 33 
^1 - . r=2tf - - 81 0.-9 c extremity. 



The refult hereof was according to N°. 5. being nearly die 
£une as the plane fails, in their beft pofition : but being turned 
round in their fockets, fo thai every part of each fail ftood at an 
angle of 3"*, and afterwards of 6**, greater than before, that is, 
their ractremities being moved 9° to 12** and 15®, the pro- 
du&s were advanced to 518 and 527 refpe£lively. Now from 
the fmall difference between thofe two produ<5ts, we may con- 
clude, that they were nearly in their beft pofition, according t^ 
N°. 7. or fome angle between that and N'^. 6: but from thefe^ 
as well as the plane (ails and others, we may aUb conclude^ that 
a variation in the angle of a degree or two makes very little dif^ 
ference in the effe^^ when the angle is near upon tie beft. 

It is to be obferved, that a (air inclined by the preceding rule 
will expofe a convex furface to the wind: whereas the Dutch, 
and all our modern mill-builders, though they make the angle 
to diminifh, in receding from the centre towards the extremity, 
yet conftantly do it in fuch ixjanner, as that the furface of the 
lail may be concave towards the wind. In this manner the fails 
made ufe of in N*^.8,9, 10, 11, 12, and 13, were conftruSed; the 
middle of the fail making an angle with the extreme bar of 12° ; 
and the greatcft angle (which was about \ of the radius from the 
centre) of 15** therewith. I'hofe fails being tried in various po- 
fitions, the beft appears to bcifert of N°. 11. where the extre- 
mities flood at an angle of 7*4 with the plane of motion, the 

produiS 
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produft being 639 : greater than that of thofe made by the 
theorem in the ratio of g : i r, and double to that of N°* i ; and 
this was the greateft produft that could be procured without an 
augmentation of furface. Hence it appears, that when the wind 
falls upon a cencave furfacej it is an advantage to the power of 
the wh^le^ though every part^ taken feparately^ Jbould not be dif- 
fofedto the beji advantage''^ 

» Having thus obtained the beft pofition of the fails, or manner^ 
of weathering, as it is called by the workmen, the next point 
■was to try what advantage could be made by an addition of fur- 
face upon the fame radius. For this purpofe, the fails made ufe 
of had the fame weather a$ thofe N^. 8. to 13, with an addition 
to the leading fide of each of a triangular doth, whofe height 
was equal to the height of the fail, and whofe bafe was equal 
to half the breadth: of confequence the increafe of furfece upoit 
the whole was one-fourth part, or as 4 : 5. Thofe fails, by 
being turned round in their fockets^ were tried in four different 
pofitions, fpecified in N**. 14, 15, 16, and 17 ; from whence it 
appears, that the beft was when every part of the fail made a 
greater angle by 2®4^ with the plane of the motion, than thofe 
without the addition, as appears by N°. 15. the produft being 

♦ By feveral trials in large I have found the following angles to 
anfwer as well as any. The radius is fuppofed to be divided into 
6 parts and i-6th, reckoning from the centre^ is called i« the ex- 
tremity bemg denoted 6. 

Angle with Angle with the plane 
N^« the axis, , of the motion, 
I yi^ 18* 

« ' 7^ 19 

3 ■ 72 ■ ■ — 18 middle* 

4 — — 74 16 

5 -= 71\ I2f 

6 ' ■ 83 " ■ ■ '■ ■ 7 extremity. 

820 ; 
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820: this exceeds 639 more than in the ratio df 4 : 5, or that 
of the increafe of cloth. Hence it appears, that a broader fail 
require % a greater angle ; and that when the jail is broader at 
the extremity J than near the <entrey this fiape is more advan-^ 
iageous than that of a parallelogram''^* 

Many have imagined, that the more fail, the greater the ad^ 
vantage,, and have therefore propofed to fill up the whole area t 
and by making each (ail a feftor of an dlipfis, according to Mon- 
ficur Parint, to intercept the whole cylinder of wind, and there- 
by to produce the^greateft effe6l poffible. 

We have therefore proceeded to inquire how fer the efFed 
could be increafed by a further enlargement of the furface, upon 
the fame radius of which N°. 18 and 19 are fpecimens. The 
furfaces indeed were not made planes, and fet at an angle of 
35^, as Parint propofed; becaufe, from N**, i. we learn, that 
this poTition has nothing to do, when we intend them to work 
to the greateft advantage. We tjierefore gave them fuch an 
angle as the preceding experiments indicated for fuch fort of fails, 
viz. 12° at the extremity, and 22** for the greateft weather. By 
N*^. 18. we have the produft 1059, greater thanN°. 15. in the 
ratio of 7 : 9 ; but then the augmentation of cloth is almoft 
7 : 12. By N^. 19, we have the prodild 1x65, that is greater 
than N®. 15. as 7 : 10 ; but the augmentation of cloth is nearly 
as 7 : ]^6; confequently had the fame quantity of cloth as in 

• The figure and proportion of the enlarged fail*, which I have 
found beft to anfwerin large, are reprefented in the figure, Plate III, 
where the extreme bar is i-3d of t)ie radius (or whip, as it is called 
by the workmen), and is divided by the whip in the proportion of 
3 to 5. The triangular or leading fail is covered with board from 
the point downwards i-3d of its height, the reft with cloth as ufual. 
The angles of weather in the preceding note are beft for the enlarged 
&ils allb; for in pradice it is found, that the fails had better have 
too little than too much weather* 
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N^ 18, been difpofed in a figure fimilar to that of N**. 15, 
inltead of tbe produd): bemg 1059, w^ fhould have had the produ£): 
1^86; and in N^. 19, inftead of thc^ produ£t X165, we ihould 
have had a produd of i860; as will be further made appear in 
the courfe of the following dedudions* Hence it appears, that 
beyond a certain degree, the more the area is crouded with fail, 
the left efFed is produced in proportion to the furface : and, by 
purfuing the experiments flill furdier, I found, that though in 
N^. 19, the furface of aQ the fails together were not more than 
7-8ths of the circular area containing them, yet a further addi* 
tion rather diminifhed than increafed the efFedl. So thai when 
jhe whole cylinder of wind is intercepted^ it does not then pro» 
iuce the greatejl effe& for want of proper interftices to efcape. 

It is certainly defirable that fhe fails of windmills fhould be 
as fhort as poffible ; but at the fame time it is equally defirable, 
the quantity of cloth fhould be the lead that may be, to avoid da- 
mage by fudden fquals of wind. The befl ftru(^re, thereforei 
for large mills, is that where the quantity of cloth is the g^eateft, 
in a given circle, that can be : on this condition, that the efFeft 
holds out in proportion to the quantity of cloth ; for otfaerwife 
the eiFed can be augmented in a given degree by a lefler increafe 
of cloth upon a larger radius, than would be required) if the 
doth was increafed upon the fame radius. The mofl ufeful 
figure, therefore for praftice, is that of N**. 9 or 10, as has 
been experienced upon feveral mills in large. 
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II. Concerning the Ratio hetween the Velocity of TFindmitt 
Sails unloaded^ and their Velocity when loaded to a 
Maximum^ , 

Thofe ratios, " as they turned out in experiments upon 
dilFerent kinds of fails, and with different inclinations (the 
velocity of the wind being the fame) are contained in column lO 
of Tab. III. where the extremes differ from the ratio of lo ; 7,7 
to that of ID : 5,8 ; but the tmji general ratio of the whole will 
he nearly ^x 3 : 2. This ratio alfo agrees fufiiciently near with 
experiments where the velocity, of the wind was different, as in 
thofe contained in Tab. IV. col. 13. in which the ratios differ 
from 10 : 6,9 to that of 10 : 5,9. However, it appears in 
general, that where the power is greater, whether by an en- 
largement of furface, or a greater velocity of the wind, that the 
fecond term of the ratio is lefs. 



III. Concerning the Ratio between the greateft Load that 
the Sails will bear without flopping^ or what is nearly 
the fame Things between the leaft Load that will fto^ the 
Sailsy and the Load at the Maximum. 

Thofe ratios for different kinds of fails and inclinations, are 
collcfted in coL 11. Tab. III. where the extremes differ from the 
ratio of 10 : 6 to that of 10 : 9,2; but taking in thofe fets of 
experiments only, where the fails refpedively anfwered beft, 
the ratios will be confined between that of 10 : S and oflOigi 
ifnd at a medium about 10 : 8,3 or of b :*5. This ratio alfo 
agrees nearly with thofe in col. 14. of Tab. IV, However 
It appears, upon the whole, that in thofe inftances, where 
the angle of the fails or quantity of cloth were grcateftj that ' 
the fecond term of the ratio was lefs. 
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IV. Concerning the Effects of Sailsy according to the 
different Velocity of the Wind. 

Maxim i. The velocity cf windmill fails ^ whether unloaded^ or 
loaded^ fo as to produce a maximum^ is nearly as the velocity of 
the wind^ their Jhape and pofttion being the fame. 

This appears by comparing together the refpeftive numbers of 
columns 4 and 5, Tab. IV. wherein thofe of numbers 2, 4 and 6, 
ought to, be double of numbers i, 3 and 5 : but as the deviation is 
no where' greater than what may be imputed to the inaccuracy of 
the experiments themfelves, and hold good exa6Uy in jiumbers 
3 and 4 ; which fets were deduced from the medium of a number 
of experiments, carefully repeated the fame day, and on that ac- 
count are moft to be depended upon 5 we may therefore conclude 
the maxim true. 

Maxim 2d. The load at the maximum is nearly^ hut fomewhat 
lejs than^ as the fquare of the velocity of the windy the Jhape 
and pofttion of the fails being the fame. 

This appears by comparing together the numbers in col. 6. 
Tab. IV. wherein thofe of numbers 2, 4 and 6 (as the velocity 
is double), ought to be quadruple of thofe of numbers i, 3 
and 5 ; inftead of which they fall fliort, number 2 by ^V* num- 
ber 4 by T^ and number 6 by -^ part of the whole. The 
greateft of thofe deviations is not more confiderable than might 
be imputed to the unavoidable errors in making the experiments : 
but as thofe experiments, as well as thofe of the greateft load, all 
deviate the fame way ; and alfo coincide with fome experiments 
communicated to me by Mr. Roufeupon the refiftance of planes; 
I am led to fuppofe a fmall deviation, whereby the load fells 
fliort of the fquares of the velocity ; and fmce the experiments 
N°. 3 and 4, are moft to be depended upon, we muft conclude^ 

E 2 that 
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that when the velocity is double, the load fells (hort of its due 
proportion by ^^-^ or, for the fake of a round number, by about 
^ part of the whole, 

Maxim 3d. The effe^s of the fame fails at a maximum are 
nearly^ but fomewbat lefs than^ as the cubes of the velocity o>f 
the wind. 

It has already been proved, Maxim ift, that the velocity of 
fails at the maximum^ is nearly as the velocity of the wind ; and 
by Maxim 2d, that the load at the maximum is nearly as the 
fquare of the fame velocity : if thofe two maximums would 
hold precifely, it would be a confequence that the efFeft would 
be in a triplicate ratio thereof: how this agrees with experiment 
will appear by comparing together the produfls in col.8 of Tab.IV. 
wherein thofe of N®. 2, 4 and 6, (the velocity of the wind being 
•double) ought to be o£tuple of thofe of N°. i, 3 and 5, inftead of 
which they fall fhort, N°. 2, by -f, N°. 4, by ^ and N^, 6, 
by ^ part of the whole. Now, if we rely on No. 3 and 4, as 
the turns of the fails are as the velocity of the wind 5 and fmce 
the load of the maximum fells fhort of the fquare of the velo- 
city by about ^ part of the whole : the produdi: made by the 
multiplication of the turns into the load, muft alfo fall (hort of 
the tripligatQ ^-atio by about ^ part of the whole produft, 

Maxim 4th. The had of the fame fails at the maximum is 
nearly as the fquare s^ and their effi^ cs the cubes of their num^ 
ber of turns in a given time. 

This maxim ma,y be qfteemed a confequence of the three pre- 
ceding ; for if the turns of the fails are as the velocity of the 
wind, whatever quantities are in any given ratio of the velocity 
of the wind will be in the fame given ratio of the turns of the 
fails : and therefore, if the load at the maximum is as the fquare, 
or the effect as the cube, of the velocity of the wind, wanting ^ 

part 
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part when the velocity is double j the load at the maximum will 
alfo be as the fquare, and the efFeft as the cube, of the number of 
turns of the fails in a given time, Wanting in like manner ^ 
part when the number of turns are double in the fame time. In 
the prefent cafe, if we compare the loads at the maximum^ 
col. 6, with the fquares of the number of turns, col. 5, of N°. i 
and 2, 5 and 6, or the produds of the fame numbers col. 8, with 
the cubes of the number of turns col. 5, inftead of falling fhort, 
as N°. 3 and 4, they exceed thofe ratios : but as the fets of expe- 
riments Na I and 2j of 5 and 6, are not to be efteemed of equal 
authority with thofe of No. 3 and 4, we muft not rely upon them 
further than to obferve, that in comparing the grcfs effe^s of large 
machines^ the direB proportion of the fquares and cubes refpec^ 
tivefyy will hold as near as the effects themfelves can be obfer-^ 
vedi and therefore be fuflStcient for praSical eftimation, without 
any allowance. 

Maxim 5th. Pf^en fails are loaded fo as id produce a maximum 
at a given velocity, and the velocity of the wind increafss, the 
load continuing the fame ; i/?^ The increafe of effect, when the 
tncreafe <f the velocity of the wind is fmally will be nearly as 
the fquares of thofe velocities : idly. When the velocity of the' 
wind is double, the effects will be nearly a$ lO: 2^-^ : But, ^^dly^ 
When the velocities compared, are more than double of that where 
the given load produces a maximum, the effects Increafe nearly 
in a fimple ratio of the velocity of the wind. 

It has already been proved^ maxim ift and 2, that when the 
velocity of the wind is increafed, the turns of the fails will in- 
creafe in the fame proportion, even when oppofed by a load as 
the fquare of the velocity : and therefore if wanting the oppo- 
fition of an increafe of load, as the fquare of the velocity, the 
turns of the fails will again be increafed in a (imple ratio of the 
velocity of the wind on that account alfo j that is, the load coil- 
tinuing the fame, the turns of the fails in a given time will be as 
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the fquareof the velocity pf the wind; and the effecft, being in 
this cafd as the turns of the fails will be as the fquare of the velo- 
city of the wind alfo ; but this muft be underftood only of the firft 
increments of the velocity of. the wind : for, , 

2dly, As the fails will never acquire above a given velocity in 
relation to the wind, though the load was diminifhed to nothing ; 
when the load continues the fame, the more the velocity of the 
wind increafes (though the efFeft will continue to increafe) yet 
the more it will fall fliort of the fquare of the velocity of the 
wind; fo that when the velocity of the wind is double, the 
increafe of effeft, inftead of being as i : 4, according to 
the fquares, it turns out as 10 : 2jl^ as thlis appears* 
In Tab. IV*. col. 9. the loads of N"^. 2, 4 and 6, are the fame 
as the naaximum loads in col. 6, of N°. i, 3 and 5. The 
number of turns of the fails with thofe loads, when the velocity 
of the wind is double, are fet down in col. 10, and the produfts 
of their multiplication in col. 1 1 : thofe being compared with 
the products of N°; i, 3 and 5, col. 8, furnifh the ratios fet 
down in col. 12, which at a medium (due regard being had to 
N°. 3 and 4) will be nearly as 10 : 27^. 3dly. The load con- 
tinuing the fame, grows more and more inconfiderable, refpecS:- 
ing the power of the wind as it increafes in velocity 5 fo that 
the turns of the fails grow nearer and nearer a coincidence with 
their turns unloaded 5 that is> nearer and nearer to the fimple 
ratio -of the velocity of the wind. When the velocity of the 
wind is double, the turns of the fails, when loaded to a maxi- 
mum, will be double alfo; but, unloaded^ will be no more than 
triple, by deduftion id: and therefore the produ£l could not 
have increafed beyond the ratio of lO : 30 (inftead of 10 : 274^ 
even fuppofing the fails not to have been retarded at all by carrying 
the maximum load for the half, velocity. Hence we fee, that when 
the velocity of die wind exceeds the double of that, where a con- 
flant load produces a maximum, that the increafe of efie£l, which 
follows the increafe of the velocity of the fails, will be nearly 
as the velocity of the wind, and ultimately in that ratio precifely. 

Hence 
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Hence alfo we fee that windmills, fuch as the different fpecies for 
raifmg water for drainage, &c. lofe much of their foil effcftj 
when afting againft one invariable oppofition. , 

V. Concerning the EffeSts of Sails of different Magnitudes 
the StruSure and Pofuion being Jimilarj and the Velocity 
^ the Wind the fame. , 

Maxim 6. In fails of a ftmilar figure and ptfition^ the num^^ 
ber of turns in a given time will be reciprocally as the radius 
tr length of the fail. 

The extreme bar having the fame inclination to the plane of 
its motion, and to the wind ; its velocity at a maximum will 
always be in a given ratio to the velocity of the wind i and 
therefore, whatever be the raius, the abfolute velocity of the ex- 
tremity of the fail will be the fame : and this will hold good re- 
fpe6ling any other bar, whofe inclination is the fame, at a pro« 
portionable diftance from the centre; it therefore follows, that the 
extremity of all (imllar fails, with the fame wind, will have the 
fame abfolute velocity j and therefore take a fpace of time toper- 
form one revolution in proportion to the radius ; or, which is 
the fame thing, the number of revolutions in the fame given 
time, will be reciprocally as the length of the fail. 

Maxim 7. The load at a maxinwm that fails of a fimilar 
figure and pofition will overcome^ at a given diftance from the 
centre of motion^ will be as the cube of the radius. 

Geometry informs us, that in JUmilar figures the (ur&ces arp 
as the fquares of their fimilar fides \ of confequence the quan«- 
tity of cloth will be as the fquare of the radius : alfo in fimilar 
figures and pofitions, the impulfe of the wind^ upon every 
fimilar fe^tion of the cloth, will be in proportion to the furface 
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of that fe£lionv; and confequently, the impulfe of the wind upon 
« the whole, will be as the furface of the whole : but as the 
diftancc of every fimilar fe<9:ion, from the centre of motion, 
will be as the radius 5 the diftance of the centre of power of the 
whole, from the centre of motion, will be as the radius alfo ; 
that is, the lever by which the power a6ls, will be as the radius : 
as therefore the iihpulfe of the wind, refpefting the quantity of 
cloth, is as the fquare of the radius, and the lever, by which nt 
a£ls, as the radius fimply ; it follows, that the load which the 
fails will overcome, at a given diftance from the centre, will be 
as the cube of the radius. 

Maxim 8. The effe^f of fails of fimilar figure and pofition^ 
are as the fquare of the radius^ 

By maxim 6, it is proved, that the number of revolutions 
made in a given time, are as the radius inverfely. Under 
maxim 7, it appears, that the length of the lever, by which the 
power a£i:s, is as the radius diredlly ; therefore thefe equal and 
oppofite ratios deftroy one another ; but as in fimilar figures the 
quantity of cloth is as. the fquare of the radius, and the aftion of 
the wind is in proportion to the quantity of cloth, as alfo ap- 
pears under maxim 7 i it follows that the efFeft is as the fquare 
6f the radius. 

CoROL. I. Hence it follows, that augmenting the length of 
the fail, without augmenting the' quantity of cloth, does not 
increafe the power j but Tjecaufe what is gained by the length of 
the lever, is loft by the flownefs of the rotation. 

CoROL. 2. If fails are increafed in length, the breadth remain- 
ing the fame, the efFedi: will be as the radius. ' 
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VI. Concerning the Velocity of the Extremities of Wind- 
mill Sails, in RefpeSl to the Velocity of the Wind. 

Maxim 9. 7he velocity of the extremities of Dutch fails j as well 
as of the enlarged failsy in all their ufual pofttions when unloadedy 
or even loaded to a maximum-^ are conjiderably quicker than the 
velocity of the wind. 

The Dutch fails unloaded, as in Tab. IIL N° 8. made 120 re- 
volutions in 52"": the diameter of the fails being 3 feet 6 inches, ' 
the velocity of their extremities will be 25,4 feet in a fecond; 
but the velocity of the wind producing it, being 6 feet in the 
fame time, we (hall have 6 : 25,4 : : i : 4,2 ; in this cafe there- 
fore, the velocity of their extremities was 4,2 times greater than 
that of the wind. In like manner, the relative velocity of the 
wind, to the extremities of the fame (ails, when loaded to a 
maximum^ making then 93 turns in 52^', will be found to be as 
I • 3>3> or 3,3 times quicker than that of the wind. 

The following table contains 6 examples of Dutch fails, and 
4 examples of the enlarged fails, in different pofitions, but with 
the conftant velocity of the wind of 6 feet in a fecond, from Table 
III. and alfo 6 examples of Dutch fails in different pofitions, 
with different velocities of the wind from Table IV. 
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Table V. Containing the Ratio of the Velocity of the 
Extremities of fVindmill Sails to the Velocity of the 
Wind. 



N°.. 


^5 


4-> 4^ 


1 li , 


Ratio of the velocity 
of the wind and ex- 








ni 


tremitiqsof the fails, 












• 
unloaded. 


loaded. 




I 
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o'' 


6f. oin. 


I : 4,2 
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3^3 
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x:4,2 


I : 


:2,8 
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ro 


5 
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— — 


I . 


>237S 


HH 
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II 
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6 o 


1:4, 


I 


:2,7 


HH 


5 


12 


10 


6 o. 


i:3>8 


I 


2,6 




'n 


6 


13 


12 


6 


1:3.5 


I • a,3 


r^ 


\ 


r4 


7t 


6 


1:4.3 


I : 2^6 


15 


lO 


6 


1:4.1 


1 : 2,6 


Cx, 


9 


i6 


12 


6 o 


1:4. 


I :^3 




10 


17 


15 


6 


1:3.35 


I : 2,2 




II 
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4 4i 


1:4. 


I : 2,8 


> 


12 


2 


5 


8 9 


1:4.3 


I : 2,6 


H«l 


I.? 


3 


7i 


4 4i 


« 


ir2»8 


•S 


14 


4 


7t 


8 9 


^ 


I : 2>7 


M 


IS 


5 


10 


if 


i:3i8 


I : 2>6 


i6 


6 


10 


I • 3^+ 


r: 23 


fe 


1 1 2 


3 


4 5 


6 





It appears from the preceding coUeftion of examples, that 
when the extremities of the Dutch fails are parallel to the plane 
of motion, or at right angles to the wind, and to the axis, as they 
are made according to the common praftice in England^ that 
their velocity, unloaded, is above 4 times, and loaded to a maxi-^ 
mum^ above 3 times greater than that of the wind : but that whoi 
the Dutch fails, Qt enlarged fails^ are in their beft pofitions, their 

velocity 
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velocity unloaded is 4 times, and loaded to a maximum^ at a me- 
dium the Dutch fails are 2,7, and the .enlarged fails 2,6 times 
greater than the velocity of the wind. Hence we are fumiflied 
with a method of knowing the velocity of the wind, from obfer- 
ving the velocity of the windmill fails; for knowing the radius, 
and the number of turns in a minute, we fhall have the velocity 
of the extremities; which, divided by the following divifors, will 
give the velocity of the wind 

Dutch fails in the common pofition \ \T^^^\ 
Dutch fails in their beftpofition - Jfi^lj^s 
Enlarged lails in the beft pofition - \ w^j^j ^ , ,t*6 

From the above divifors there arifes the following compon- 
diums ; (uppofing the radius to be 30 feet, which is the mod 
ufual length in this country, and the mill to be loaded to a 
maximum^ as is ufually the cafe with corn mills ; for every 3 
turns in a minute^ of the Dutch fails in thiir common pofition^ 
the wind will move at the rate of % miles an hour\ for every $ 
turns in a minute^ of the Dutch fails in their hejl pofition^ the 
wind moves 4 miles an hour ; and for every 6 turns in a minute^ 
of the enlarged fails in their heji pofition^ the wind will move 
5 miles an hour. 

The following table, which was communicated to me by my 
friend Mr. Rouff, and which appears to have been conftru<aed 
with great care, from, a confiderable number of fails and expe*. 
riments, and which having relation to the fubjeft of this article; 
I here infert it as he fent it to me : but at the fame time muft 
obferve, that the evidence for thofe numbers where the velocity 
of the wind exceeds 50 miles an hour, do not feem of equal 
authority with thofe of 50 miles an hour and under. It is alfo to 

be 
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be obferved, that the numbers in col. 3. are calculated accord^* 
ing to the fquare of the velocity of the wind, which, in mode^^ 
rate velocities, from what has been befofe obferved, will hold 
very nearly. 

Table VI. Containing the Velocity andForce of Wind f 
according to their common Appellations. 



Velocity of 
theWind. 


Perpendicular force on 
one foot area in 
pounds avoirdupois. 


Common appellations of the force of 

winds. 


3 




I 

2 

3 

4 

5 

10 

15 
20 

25 

30 

35 

40 

45 

60 
80 
100 


i>47 
2,93 
4,40 

5.87 

7,33 
14,67 

22,00 

29.34 
36,67 

44,01 

66,01 

88,02 

"7,36 
146,70 


,005 
,020 
,044 

>079 
,123 

,49=^ 
1,107 

1,968 

3^075 

,4,429 

6,027 

7'873 

9.963 

12,300 

i7>7iS 
31^.9© 
49,200 


Hardly perceptible. 
1 Juft perceptible. 

Gentle pleafant wind. 

7 

Pleafant brilk gale. 
3 

! ' Very brilk. 
High winds. 

Very high. 

A ftorm or tempeft. 
A great ftorm. 
An hurricane. 

An hurricane that tears up trees, car- 
ries buildings before it, &c. 


1 2 


3 



VII. 
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Vir. Concerning the abfolute Effe5ly produced by a given 
Velocity of the Wind^ upon Sails of a given Magni^ 
tude and ConJiru£lion. 



It has been pbferved by praftitioners, that in mills with 
Dutch fails in the common pofition, that when they make about 
13 turns in a minute, they then work at a mean rate: that is, by 
the compendiums in the laft article, when the velocity of the 
wind is 8y miles an hodr, or I2|. feet in a fecond; which, in 
common phrafe, would be called 2ifrejh gale, / 

The experiments fet down in Tab. IV. N*^ 4. were tried 
with a wind, whofe velocity was i^ feet in a fecond ; confe- 
quently had thofe experiments been tried with a wind, whofe 
velocity was i2|. feet in a fecond, the efFed, by maxim 3J, 
would have been 3 time^ greater; becaufe the cube of I2|. is 3 
times greater than that of 8|. 

From Tab. IV. N ° 4. we find that the fails, when the velo- 
city of the wind was 8|*feet in a fecond, made J30 revolutions 
in a minute, with a load of 17,521b. From the meafures of 
the machine, preceding the fpecimen of a fet of experiments, we 
find, that 20 revolutions of the fails raifed the fcale and weight 
11,3 inches: 130 revolutions will therefore raife the fcale 
73,45 inches, which, multiplied by 17,521b. makes a produdt 
of 1287, for the eiFeft of the Dutch fails in their beft pofition; 
that 16, when the velocity of the wind is %^ feet in a/econd: 
this produft therefore multiplied by three, will give 3861 for 
the effefl: of the fame fails, when the velocity of the wind is i2|- 
feet in a fecond. - 

Defaguliers makes tlie utmoft power of a man, when work- 
ing foas to be able to hold it for fome hours, to be equal to that 

of 
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of raifing an hogfhcad of water lO feet high in a minute. Now, 
sin hogfhead confifting of 63 ale gallons, being reduced into 
pounds avoirdupois, and the height into inches; the produdt 
made by multiplying thofe two numbers* will be 76800; which 
is 19 times greater than the produdl of the fails laft-mentioned, 
at 12^ feet in a fecond: therefore, by maxim 8th, if we mul- 
tiply the fquare root of 19, that is 4,46, by 21 inches, the 
length of the fail producing the efFeft 3861, we (hall have 
93,66 inches, or 7 feet 9} inches for the radius of a Dutch (ail 
in its beA poiition, whofe mean power fliall be equal to that of 
a rtian : but if they are in their common pofition, their length 
muft be increafed in the ratio of the fquare root of 442 to that 
of 639, as thus appears ; 

The ratio of the maximum products of N**. 8 and ii. Tab. 
ni. are as 442 : 639 : but by maxim 8, the efFecE^s of fails of 
different radii are as the fquare of the^adiij confequently the 
fquare roots of the produdbs or effe£^s, are as the radii fimply ; 
and therefore as the fquare root of 442 is to that of 639 ; fo ia 
93,66 to 112,66; or 9 feet 4y inches. 

If the fails are of the enlarged kind, then from Tab. III. N®« 
II and 15. we (hall have the fquare root of 820 to that of 
639 : : 93,66 : 82,8 inches, or 6 feet io|: inches: fothat in round 
numbers we fhall have the radius of a fail, of fimilar figure to 
their refpedlive models, whofcmean power fliall be equal to that 
of a man ; 

iThe Dutch fails in their common pofition 9'^ feet 
The Dutch fails in their beft pofition — '— 8 
The enlarged fails in their beft pofition — 7 

Suppofe now the radius of a fail to be 30 feet, and to be con- 
ftru£ted upon the model of the enlarged fails, N°. 14 or 15. Tab. 
UL dividing 30 by 7 we iball have 4,28, the fquare of which 
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is 18,3 ; and this, according to maxim 7, will be the relative 
power of a fail of 30 feet, to one of 7 feet ; that is, when work- 
ing at a mean rate, the 30 feet iail will be equal to the power of 
18,3 men, or of 3y horfes j reckoning 5 men to a horfe: whereas 
the effevSl of the common Dutch fails, of the (ame length, being 
lefs in the proportion of 820 : 442, will be fcarce equal to the 
power of 10 men, or of 2 horfes. 

That thefe computations are not merely fjieculative, but will 
nearly hold good when applied to works in large, I have had an 
opportunity of verifying : for in a mill with the enlarged fails of 
30 feet applied to the crufhing of rape feed, by means of two 
runners, upon the edge, for making oil ; I obferved, that when 
the /ails made 11 turns ih a minute, in which cafe the velocity 
of the wind was about 13 feet in a fecond, according to article 
6th, that the runners then made 7 turns in a minute : whereas 
2 horfes, applied to the fame 2 runners, fcarcely worked them 
at the rate of 3^ turns in the fame time. Laftly, with regard to 
the real fuperiority of the enlarged fails, above the Dutch fails as 
commonly made, it has fufficiently appeared, not only in thofe 
cafes where they have been applied to new mills, but where they 
have beei|i fubftituted in the place of the others. 

VIIL Concerning horizontal Windmills and Water^ 
Wheels^ with oblique Vanes. 

Obfervations upon the effe£ls of common windmills, with 
oblique vanes, have led many to imagine, that could the vanes be 
brought to receive the direft impulfe, like a (hip failing before 
the wind, it would be a very great improvement in point of 
power; while others attending to the extraordinary and even 
unexpefted effefts of oblique vanes have been led to imagine 
that oblique vanes applied to water-mills, would as much exceed 
the common water-wheels, as the vertical wind-mills are found to 
have exceeded all attempts towards an horizontal one. Both thefe 
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notions, but efpecially the firft, have fo plaufible an appearance, 
diat of late years there has feldom been wanting thofe, who have 
afliduoufly employed themfelves to bring to bear defigns of this 
kind : it may not therefore be unacceptable to endeavour to fet 
this matter in a clear light. 

Plate III. fig. 2. Let A B be the feftion of a plane, upon 
which let the wind blow in the dire6lion C D, with fuch a ve- 
locity as to defcribe a given fpace BE, in a given time (fup- 
pofe I fecond) j and let A B be moved parallel to itfelf, in the 
direftion C D. Now, if the plane A B moves with the fame 
velocity as the wind; that is, if the point B moves through the 
fpace B E in the fame time that a particle of air would move 
through the fame fpace ; it is plain that, in this cafe, there can be 
no preflure or impulfe of the wind upon the plane : but if the 
plane moves flower than the wind, in the fame dire6lion, fo that 
the point* B may move to F, while a particle of air, fettiilg out 
from B at the fame inftant, would move to E, then B F will 
exprefs the velocity of the plane ; and the relative velocity of 
the wind and plane will be expreffed by the line F E. Let the 
ratio of F E to B E be given (fuppofe 2:3); let the line A B 
reprefent the impulfe of the wind upon the plane A B, when 
afting with its whole velocity B E ; but, when afting with its 
relative velocity, F E, let its impulfe be denoted by fome aliquot 
part of A B, as for inftance JAB: then will ± of the paralle- 
logram A F reprefent the mechanical power of the plane j that 
is, 4^AB x4.BE. 

2dly, Let I N be the feftion of a plane, inclined in fuch a 
manner, that the bafe I K of the redangle triangle I KN may 
be equal to AB; and the perpendicular N K=:BE; let the 
plane IN be ftruck by the wind, in the diredion LM, perpen- 
dicular to I K : then, according to the known rules of ob- 
lique forces, the impulfe of the wind upon the plane IN, tend- 
ing to move it according to the direction L M, or N K, will 
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tc denoted by the tafe I K ; and that part of the impulfe, tending 
to move it aecording to the direftion I K, will be exprefied by thtf 
|)erpendicular N K% Let the plane I N be moveable in the di- 
l:e£tioh of I K only ; that is, the point I in the dire6lion of I K^ 
and the point N in the direction N Q^, parallel thereto. Now 
it is evident, that if the point I moves through the line I K> 
while a partide cf air^ fetting forwards at the (ame time from 
the point N, moves through the line N K, they will both ar- 
rive at the point K at the fame time; and confequenily, in this 
tafe alfoy there can be no preflurb or impulfe of the pactide of , 
the air upon the plane I N. Now let I O be to I K as B F to 
B E ; and let the plane I N move at fuch a rate, that the point I 
xnay arrive at O^ and acquire the pofition I Q^ in the fame time 
that 1 partide of wihd would move through the fpace N K : 
iasOQ^is parallel to IN; (by the properties of fimilar tri-* 
angles) it will cut N» K in the point P$ in fuch a manner, that 
N P=:BF, and P K=F E : hence it appears, that the plane I Nj 
by acquiring the pofition O Q^, withdraws itfelf from the action of 
the wind, by the fame fpaee N Pj that the plane A B does by acquir- 
ing the pofition F G i and confecjuently, from the equality of P K 
to F E, the relative impulfe of the Wind P K, upon the plana 

Qj, will he equal to the relative impiilfe of the wind F E, 
upon the plane F G t ahd fincJe the impulfe of th^ wind uport 
AB, with the relative velocity FE, in the direftion BE, ii 
ircprefentcd by ^ A B ; the rdative impulfe of the wind upon the 
plane 1 N, in the dire<%on N K, will in like manner be r^pre- 
fcnted by ^ I K; and the impulfe of the wind upon the plane 

1 N, with the relative vel6city P K, in the direftion I K^ wilt 
be reprefented by ^ NK: and confeqiiently the mechanical 
power 6f the plane IN, in the direftion I Kj will be 4. th6 
parallelogram I Qj that* is^-IKX^-NK: that isj from thb 
equality of I Ks: A B and N It=tB E, we (hall have $ I Q=:| 
A B X $ B E =s^ A B K ^ B E == J o( the area of the parallelogram 
A F* Hence we deduce this 
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General Propositiok, 

That all planes J howiver Jttuatedj that intercept the fame . 
feSlion ef the windy and having the fame relative vehcity^ in 
regard to the windy when reduced into the fame direffien^ have 
equal powers to produce mechanical effe&s. 

For what is loft \yj the obliquity of the impulfe, is gained 
by the velocity of the motion. 

Hepce it appears, that an oblique iail is under no difa4vaa- ' 
tage in refpe<% of power, €X>mpared with a direct one \ except 
what arifes from a diminution of its breadth, in refpe£l to the 
fedion of ihe wind : the breadth I N being by obliquity re-* 
duced to I K. > 

The difadvantage of horizontal windmills therefore does not 
confift in this $ that each fail, when dire£Uy expofed to the wind 
is capable of a lefs power, than an oblique one of the iame dimen^ 
fions; but that in an horizontal windmill, little more than 
' one fail can be acting at once : whereas in the common wind-* 
mill, all the four ad together: and therefore, fuppofing each 
vane of an horizontal windmill, of the fame dimei^ons as each, 
vane of the vertical, it is manifeft the power of a vertical i^ill 
with four fails, will be four times greater than the power of the 
horizontal one, let its number of vanes be what it wiU : this 
difadvantage arifes from the nature of the thing; but if we 
confider the further difadvantage, that arifes frcmi the difficulty 
of getting the fails back again againft the wind, &c. we need 
not wonder if this kind of mill is in reality found to have not 
above | or tV of the power of the common fort ; as has appeared 
in fome attempts of this kind, 
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tniike iiiannerj as little improTemcnt is to be ejtpeftcd from 
Water-mills with oblique vanes i for the powef of the fame fec-» 
tion of a ftream of water, is not greatei" when afting upon an 
oblique vane, than when aAihg upon a direfl: onel and any 
advantage that can be made by intercepting a greater fedion^ 
which fometimes itiay be done in the' cafe of an open river^ will 
be counterbalanced by the fuperior refiftance, that fuch vanes 
would meet with by moving at fight angled to the current : 
whereas the common floats alMrays move with the water nearly 
in the fame dire£lion» 

Here it ihay reafonabJy ht aiked, that finee oUr geometrical 
demonilration is general, and proves, that one angle of ob^i 
kquity is as good as another, why iii our experiments it appears^ 
that there is a certain angle which is to be preferred to all thd 
reft I it is to be obferved, that if the breadth of the fail IN is 
given, the greater the angle K INj and the lefs will be the bafe 
I K : that is, the fe(Sion of wind interfe<£^ed, will be lefs : oil 
the oth^ hand^ the more acute the angle KIN^ the lefs will 
he the perpendicular KN: that is^ the impulie of the Mrlnd, in 
the direction I K beiiig lefs^ and the velocity of the fail greater ; 
the refinance of the medium will be greater alfoi Hdnce there-i^ 
fore, as there is a diminution of the fe<£lion of the wind inter-^ 
tepted on one hand, and an in^reafe of tefiftance dn the other^ 
there h fome angle, where the difadvailtage arifing from thefe 
caufes upon the whole is the leaft of all; but as the difadvantage 
arifing from refiftancje is more of a phyfical than geometrical con-* 
fideration, the true angle will bell be aiSgned by experiments^ 

Scttoti^Mi 

In trying ihe experiments contained in Tab. III. ^d iVi 

Ae different fpecific gravity of the air, which is undoubtedly 

different at different times, will caufe a difference in the load^ 

proportional to the difference of its fpecific gravity, though iti 
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velocity remains the fame } and a variation of fpecific gravity 
may arifc not only from a variation of the weight of the whole 
column, but alfo by the difference of heat of the air concerned 
in the experiment, and poffibly of other caufes ; yet the irregu- 
larities that might arife from a difference of fpecific gravity 
were thought to be too fmall to be perceivable, till after the 
principal experiments were made, and their effeSts compared; 
from which, as well as fucceeding experiments, thofe variations 
were found to be capable of producing a fenfible, though no 
very confiderable effeft : however, as all the experiments were 
tried in the fummer feafon, in the day-time, and under cover, we 
may fuppofe that the principal fource of error would arife from 
the different weight of the column of the atmofphere at different 
times : but as this feldom varies above ^ij. part of the whole, we 
may conclude, that though many of the irregularities contained 
in the experiments referred to in the foregoing cflay, might arife 
from this caufe; yet as all the principal conclttfions are drawn 
from the medium of a confiderable number, many whereof were 
made at different times, it is prefumed that they will nearly agree 
with the truth, and be altogether fufiicient for regylating the 
practical conftruction of thofe kind of machines, for which ufe 
they were principally intended. 
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EXPERIMENTAL EXAMINATION, &c. 



Read before the Royal Society ^ Apil 25, 177^. 



A. 



tBOUT the year 1686 Sir Isaac Newton firft pub- 
Uflied , his Princtfta^ and, conformably to the language of 
mathematicians of thofe times defined, that <V the quantity of 
** motion is the meafure of the lame, ariilng from the velocity 
•* and quantity of matter conjointly." Very foon after this pub- 
lication, the truth or propriety of this definition was difputed by 
certain philofbphers, who contended, that the meafure of the 
quantity of motion fbould be eflimated by taking the quantity 
of matter and the fquare of the velocity conjointly. There 
is nothing more certain, than that from equal impelling powers, 
a&ing for equal intervals of time, equal increafes of velocity 
arc acquired by given bodies, when unrefifled by a medium; 
thus gravity caufes a body, in obeying its impulfe during one 
fecond of time, to acquire a velocity which would carry it uni- 
formly forward, without any additional impulfe, at the rate 
of 32 ft. 2 in. per fecond ; and if gravity is fufFered to ad 
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upon it for two feconds, it will have, in that time, acquired a 
velocity that would carry it, at an uniform rate, juft double of 
the former ; that is, at the rate of 64 ft, 4 in. per fecond, Nowi 
if in confequence of this equal increafe of velocity, in an equal 
increafe of time, by the continuance of the fame impelling 
power, we define that to be a double quantity of motion, which 
is generated in a given quantity of matter, by the aftion of tho 
fame impelling power for a double time 5 this will be co-inci- 
dent with Sir Isaac Newton's definition above mentioned ( 
whereas, in trying experiments upon the. total efFedls of bodies 
in motion, it appears, that when a body is put in motion, by 
whatever caufe, th^ impreilion it will'make upon an uni-. 
formly refjfting medium, or upon uniformly yielding fub- 
ftances, will be as the mafs of matter of the moving body, 
multiplied by the fquare of its velocity: the queftion,^ 
therefore, properly is, whether thofe terms, the quantity of 
motiany'the momenta of bodies in motion, or forces of bodies m 
motion, which have generally been efteemed fynonymous, are 
with the moft propriety of language* to be efteemed equgl, 
double, or triple, when they have been generated by an equable 
impulfe, ailing for an equal, double, or triple time; or that 
it fliould be meafurcd by the efFedis being equal, double, or 
triple, in overcoming refiftances before a body in motion can be 
flopped ? For, according as thofe terms are underftood in this or 
that way, it will neceffarily follow,- that the momenta of equal 
bodies will be as the velocities, or as the fquares of the vel6« 
cities, or as the fquares. of the velocities refpe<ftively j it being 
certain, that, whichever we take for the proper definition of the 
term quantity of motion, by paying a proper regard to the 
collateral circumftances that attend the application of it, the 
fame conclufion, in point of computation, will refult. I fhould 
not, therefore, have thought it worth while to trouble the 
Society upon this fubjeft, had I not found, that riot only myfelf 
and other pradlical artifts, but alfo fome of the moft approved 
writers, had been liable to fall into errors, \n applying thefe 
^oarinos to pradlical mechanics, by fometimc3 forgetting or 
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negleSing the due regard which ought to be h^d to thefe 
collateral circumftances. Some of thefe errors are not only 
very confiderable in themfelves, but alfo of great confequence 
to the public, as they tend greatly to miflead the praftical artifl: 
in works that occur daily, and which often require very great 
fums of money in their execution. I fhall mention the follow- 
ing inftances. 

Desaguliers, in his fecond volume of Experimental 
Philofophy, treating upon the queftion concerning the forces of 
bodies in motion, after taking much pains to fhew that the 
difpute, which had then fubfifted fifty years, was a difpute about 
ifae meaning of words; and that the fame concluilbn will be 
brought out, when things are rightly underftood, either upon the 
old or new opinion, as he diftinguifhes themi among other 
Ihings, tells us, that the old and new opinion may be eafily 
reconciled in this inftance: that the wheel of an underlhot 
water-mill is capable of doing quadruple work when the 
velocity of the water is doubled, inftead of double work only; 
** bccaufe (the adjutage being the lame), lays he, we find, that 
** as the water's velocity is double, there are twice the number 
** of particles of water that iflue out, and therefore the ladle- 
^ board is ftruck by twice the matter, which matter moving 
*^ with twice the velocity that it had in the firft cafe, the whole 
♦^ efFe£l muft be quadruple, though the inftantaneou^ ftroke of 
" each particle is increafed only in a limple proportion of the 
*^ velocity." See vol. II. Annotations on ledbire 6th, p. 92. 

Again, in the fame volume, lefture I5?th, p. 424, referring 
to what went before, he tells us, " The knowledge of the fore- 
*' going particulars is abfolutely neceffary for fetting an under- 
*' Ihot wheel to work; but the advantage to be reaped from it 
^« would be ftill guefswork, and we fhould be ftill at a lofs to 
** find out the utmoft it can perform, if we had not an in- 
** genrous prppofition of that excellent mechanic M, Parent, 
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« of die Royal Academy of Sciences, who has given us a. 
«< maximum in this cafe, by (hewing, that an underlhot wheel 
^* can do the moft work, when its velocity is equal to the 
«* third part of the velocity of the water that drives it, &c. 
« becaufe then two-thirds of the water is employed in driving; 
^ the wheel with a force proportionable to the fquare of its 
** velocity. If we multiply the furfece of the adjutage or open* 
*' ing by the height of the water, we (hall have the column of 
** water that moves the' wheel. The wheel thus move^ will 
*^ fuftain on the oppofite fide only four- ninths of that weight, 
" which will keep it in equilibrio; but what it can move with 
** the velocity it goes with, will be but one-third of that weight 
^ of equiHbrium; that is, -^ths of the weight of the firft 
" column, &c.— This is the utmoft that can be expelled." 

The fame conclufion is likewife adopted by Maclaurin, la 
art. 907. p. 728. of his Fluxions, where, giving the fluxionary 
deduftion of M. Parent's propofition, he (ays, ^ that if a re- 
'* prefents the weight which would balance the force of the 
<* ftream, when its velocity is a 5 and u reprefents the velocity 
**. of the part of the engine, which it ftrikes when the motioa 
« of the machine is uniform, &c.-^the machine will have the 
^ greatcft efFeft when u is equal to - ; that is, if the weight 
«* that is raifed by the engine be lefs than the weight which 
^ would balance the pov^r, in the proportion of 4 to 9> and the 

«* momentum of the weight is^^.'* 

Finding that thefe conclufions were far from the truth; and 
feeing,from many other circumftances, that the pradical theory 
of making water and wind-mills was but very imperfeftly deli- 
vered by any author I had then an opportunity of confuUing*^ 

in 

* Belipor^ ArchiteSure HjdrauUque^ greatly prefers the ap* 
plication of water to an undcrfliot mill, inftcad of an ovcrihot ; and 
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in the year 1751 I began a courie of experiments upon this fiib- 
je£L Thrfc experiments, with the condufions drawn from 
them, have already been communicated to this Society, who 
printed them in vol. li. of their Tranfaftiorts for the year 1759* 
and for this communication I had thebonour of receiving the an- 
nual medal of Sir Godfrey CoPLBY, from the hands of our 
very worthy Prefident the late Earl of Macclesfield. Thofe 
experiments and condufions ftand uncontroverted, fo fiir as I 
know, to this day ; and having fmce that time been concerned 
in directing the conftru£lion of a great number of mills, which 
were all executed upon the principles deduced from them, I have 
by that means had many opportunities of comparing the efFefis 
adually produced with the efFedis which might be expe£led from 
the calculatioir; and the agreement, I have always, found be- 
tween diefe two, appears to me fully to eftablifb the trudi of the 

a^emptsto demonftrate/that water applied under(hot will do fix 
times more execution than the fame applied overfhot. See vol* I. 
p. 286. While Dbsagulibes, endeavouring to invalidate what 
had been advanced by Bblidor^ and greatly preferring an over- 
ihot to an underihot> fays^ Annout» on ledure 12. voL II. p. 53a. 
that from his own experience, ** a well-made overfhot mill groand 
^' as much corn in the fame time with ten times lefa water;" fo 
that betwixt BEJuiDoa and Dssaguu'ers, hercis a difference of 
no lefs than 60 to i. 

Again, Bblidoe, =vol. II» p. 72. fays, that the centre of gra- 
vity of eaclj fail of a windmill fliould travel in its own cii-cle with 
one-third of the velocity of the wind; fo that, taking the diftance 
of this centre of gravity from the centre of motion at 20 feet, as he 
Jlates it p. 38. art. 849. the circumference will be exceeding 126 
feet Englilh mqrfure : a wind, therefore, to make the mill go 
fwenty tur^s per minute, which they frequently do with a frefh 
wind and all their cloth fpread, would require the wind to move 
^bove eighty miles an hour ; a velocity perhaps hardly equalled in 
l*e gre^^cft ftprms we ^xjperien^e in |his ^limato. 
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principles upon which they were conftnided, when applied ta 
great works, as well as upon a fmaller fcale in models. 

Refpeding the explanatory deduction of Des aguliers in the 
iirft example abovementioned, which, indeed^*! have found to 
be the commonly received doctrine among theoretical me^ 
dianics, it is ihewn, in my former Eflay, page 21, 22, and 24^ 
part U maxim 4, that, where Ae velocity of water is double, the 
adjutage or aperture of the fluice remaining the fame, the effeft 
is eight times; that is, not as thefquarebut as the cube of the 
velocity; and the fame is inveftigated concerning the power of 
the wind ariliiig from difference of velocity, p. 5^2, being part 
3, maxim 4, 

The condufion in the fecond example abovementioned, adopt- 
ed both by Desaguliers and Maclaurik, is not lefs wide of 
the truth than the foregoing; for if that conclufion were true, 
only ^ths of the water expended could be raifed back again to 
the height of the refervoir from which it had defcended, exclu* 
lively of all kinds of fridion, &c. which would make the a£lual 
quantity raifed back again ftill lefs ; that is, lefs than one-feventh 
of the whole; whereas it appears, froin Table I. of the preced- 
ing eflay, that in fome of the experiments there related, 
even upon the fmall fcale on which they were tried, the work 
done was equivalent to r^fmg back again about one quarter 
of the water expended ; and in large works the effeft is ftill 
greater, approaching towards half, which feems to be the limit 
for the underfhot mills, as the whole would he the limit for the 
overfhot mills, if it were poijible to fet afide all frifiion, r^fift-^ 
ance from the air, &c. fee p. 29. 

The velocity alfo of the wheel, which, according to M. Pa- 
rent's determination, adopted by Desaguliers and Ma- 
CL AURiN, ought to be no more than one-third of that of the water, 
varies at the maximum in the abovementioned experhnents of 

TablQ 
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Table I. between onc-third and one-half; but in aH the joifes 
there related, in which the moft work is performed in propor- 
tion to the water expended, and which approach the neareft to 
the circumftances of great works, when properly executed, the 
maximum lies much nearer to one-half than one-third ; one-half 
feeming to be the tniQ maximumj if nothing vrtrc loft by the 
rcfiftance of the air, the fcattering of the water carried up by 
the wheel, and thrown off by the centrifugal force, &c. all 
which tend to diminifh the effedl more, at what would be the 
maximum if thefe did not take place, than they do when the 
motion is a little flower. 

Finding thefe matters, as well as others, to come out in the 
experiments, fo very difFetent from the opinions and calcula- 
tions of authors of the firlt reputation, who, reafoning accord-^ 
ingto the Newtonian definition, muft have been led into thefe 
errors from a want of attending to tl\e proper collateral circum- 
ftances ; I thought it very material, efpecially for the praSical 
artift, thatJie fhould make ufe of a kind of reafoning in which 
lie (hould not be fo liable to miftakes ; in order, therefore, to 
make this matter perfeflly clear to myfelf, and poffibly fo to 
others, I refolved to try a fet of experiments from whence it 
might be inferred, what proportion or quantity of mechanical 
power is expended in giving the fame body different degrees of 
velocity. This fcheme was put in execution in the year I759> 
and the experiments were then fhewn to feveral friends, parti- 
cularly my very worthy and ingenious friend Mr. William 
Russell. 

In my experimental inquiry concerning the powers of water 
and wind before referred to, 1 have, p. 105, part i. defined 
what I meant by power as applied to pradical mechanics, that 
is, what I now cdl mechanical power ; which, in terms fynony- 
mous to tliofe there ufcd, may be faid to be meafured by multi- 
plying the weight of the body into the perpendicular height from 
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•which it can defcend ; thus the fame weight, defcendtng front 
a double height, is capal^Ie of producing a double mecha-^ 
nical effe&i and is therefore a double mechanical power. . A 
double weight defcending from the lame height is alfo a double 
power, becaufe it likewife is capable of producing a double ef<^ 
fcft ; and a given body, defcending through a given perpendi- 
cular height, is the fame power as a double body defcending 
dirough half that perpendicular j for, by the inteiVention of pro* 
per levers, they will counterbalance one another, conformably 
to the known laws of mechanics, which have never been con- 
troverted. It muft, however, be always underftood, that the 
defcending body, when adling as a meafure of power, is fuppofed 
to defcend flowly, like the weight of a clock or a jack j for, if" 
quickly defcending, it is fenfibly compounded witb another laW| 
viz. die law of acceleration by gravity. 



DESCRIPTION OF THS MACHIKE. 

A B is the bafe of the machine placed upon a table« 
A c is a pillar or ftandard^ 

CO is an arm, upon the extremity of which is fixed a plated 
fg^ which is here feen edge-^ys, through which is a fmall 
hole for receiving a fmall fleel pivot ^, fixed in the top of the 
uprig'ht axis / B ; the lower end of this axis finifhes in a cotiical 
fteel point, which refts upon a fmall cup of hard fleel polifhed at B* 

)) I is a cylinder of white fir, which pafles throtigh a ^rfora<» 
tion in the axis, and therein fixes ; and, upon the two arms fortned 
thereby, are capable of (tiding* 

K L two cylindfic weights of lead of equal fize, which are 
capable of being fixed upon any part of the cylindric arms^ 

ftoitt 
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from the axis to their extremities, by means of two thin wedges 
of wood. The two weights, therefore, being at equal diftan- 
ces from the centre, and the axis perpendicular, the whole will 
be balanced upon the point at b, and moveable thereupon by an 
impelling power, with very little fri£bion« 

Upon the upper part of the axis are formed m n, two cylindri- 
cal barrels, whereof m is double the diameter of n j they have 
a little pin ftuck into one fide of each, at Oy p» 

Q^is a piece capable of fliding higher or lower, as occaCon re- 
quires; and carries 

R, ^ light pulley of about three inches diameter, hung upon 
a fteel a;Kis, and moveable upon two fmall pivots. The plane of 
the pulley,, however, is not directed to the middle of the upright 
axis, but a little on one fide, fo as to point (at a mean) between 
^e (urface of the bigger barrel and the lefs. 

s is a li^ht fcale for receiving weights, and hangs by a (mall 
twine, cord, or line, that pafTes the pulley, and terminates 
either upon the bigger barrel or the lefs, as may be required ; the 
fliding-piece q^ being moved higher, or lower for each, that the 
liae, in paffing from the pulley to the barrel, may be nearly 
horizontal. The end of the line, that is furtheft from the fcale, 
Is terminated by a fmall loop, which hangs on upon the pin 0^ 
or the pin fy according as the bigger or the lefier barrel is to be 
ufed. 

Now, having wound up a certain number of turns of the 
line upon the barrel, and having placed a weight in the fcale s, it 
is obvious, that it will caufe the axis to turn round, and give 
motion to its arms, and to the weights of lead placed thereon» 
which are the heavy bodies to be put in motion by the impulfe 
of the weight in the fcale i and when the line is wound off to the 
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pin, the loop flips ofF, and thefcal^ then fidliiig down, the weight 
will ceafe to accelerate the motion of the heavy bodies, and leave 
them revolving, equably forward* with the velocity they have 
acquired, except fo far as it muft be gradually lefTened by the 
friction of the machine and refiftance of the. air, which being 
fmall, the bodies will revolve fometime before their velocity i3 
apparently diminiihed. 



MEASURES OF SOME PARTS OF THE MACHIN£« 

Inchc^rf 
Diameter of the cylinders of" lead, or the heslvy bodies 2,5^ 
Lcsngth of ditto ---------«.- 1,56 

Diameter of the hole therein «*-.*-*-.- jja 

Weight of each cylinder j lbs. Avoirdupois^ 

Gf eateif dlftance of the middle of each body from the jf g ^ . 

centre of the axis ---*.---- S 

The fmaller diftance of ditto .--.-.- 3,92 

) 10 turns of the finaller barrel raifes the fcale, 5 ditto? jc 2< 

I of the bigger ditto ***-*--*i 

^ When the bodies are at the fmaller diftance above fpecified 

^om the axis of rotation, they are then in eiFe£t at half the 
greater diftance from that axis : for^ fmce the axis itfelf, and 
the cylindric arms of wood, keep an unvaried diftance from the 
(Centre of rotation, the bodies themfelves tnuft be nibved nearer 
than half their former diftance, in order that, compounded with 
the unvariable partsj they may be virtually at the half diftance* 
^ In order to find this half diftance nearly, I put in an arm of th«i 
fame Wood, that only went through the axis, without extending 
in the oppofite direction ; one of the bodies being put upon the 
end of this arm^ at the diftance of 8,25 inches, the whole ma-* 
chine wsls inclined till the body and arm became a kind of pen« 

dulum, 
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^uium, and vibrated at the rate of 92 times per minute'; and as 
a pendulum of the half length Vibrates quicker in the proportioii 
X}f ^ I to i/ 2; that is, in the t)roportion of 92 to 130 nearly; 
therefore^ keejping th^ fame inclination of the machine, thd 
Weight was moved lipoh the arm till it made 130 vibrations per 
minute; which was found to be, when it was at 3,92 inches 
tdiftance from the centre as above ftatedj which is about -i^ths 
of an inch nearer than die half diftance. The double arm was 
then put in, and marked accordingly, and the bodies being 
mounted thereon, the whole was adjufted ready foi^ ufe; and 
with it were tried the following experiments, each of which was 
Repeated fo many times as to be fully fatisfaftory. 

TA^tE OF kxPERlMENTS. 
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length. 
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The S^% in number 3, column 7, was determined in {k& 
from 29'':^, being the time of making ib equablef revolutions 
after the weight was- dropped off, in order to prevent the fenfi-» 
ble retardation that might take place, and afFed the obiervation, 
if continued for 20 revolutions made (b flowly* 



CURtHER. DEFINITIONft. 

I have already defined what I mean by mechanic power; buty 
before I proceed further, k will be necefiary atfo to define the 
following terms: 

Impulfe or Impulfion, )t By all which, I underffand the 
Impulfive Force or Power, > uniform endeavour that one bo- 
Impelling Force or Power,) dy exerts upon another, in ordei 
to make it move; and that, whether it proditfces or generates 
motion by this endeavour or not ; and the quantity of this im- 
pelling power may be meafured either by its being a weight of 
itfelf, or by being counterbalanced by a weight. It may alfa 
aft either immediately upon the body to be moved, fo that if 
motion is the confequence, they move with the fame velocity j 
and that, either by a fimple contadl, or by being drawn as by a- 
cord, or puffaed as by a ftaff: of it may z& by the intervention 
of a lever or other medianic inftrument^ in which the velocity 
of the body to be moved may be very different from the velo-* 
city of the ipipelling power or mover; but in comparing them,- 
the impelling powers muft be iTcduced according to the propor-- 
tional velocities of the mover and moved ; or, in levers of diffe-- 
rent lengths, they may be compared by a ftandard le^igth of le- 
ver, which is the method taken in the fubfequent Feafoning upon 
the preceding experiments. An impelling power, therefore,- 
confifting of a double weight, or requiring a double weight to* 
counterbalance it, when afting with equal levers, is a double' 
impelling power,, or an impelling power of double the intenfity* 
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I ft, By the firft Experiment it appears^ that the mechanic 
jpower enipteyed, confifting of 8 ounces in the fcale, deliberate^ 
tf defceftding (by J turns of the bigger barrel) through a per- 
^ndicular fpace i^i inches, will reprcfent the quantity of me^ 
thanic pow^ which caufes th6 two heavy bodies, from a ftate of 
reft, tb acquire a velocity^, fuch as to carry theiii equably 
ttjrough 20 circumferences of their circle of revolution in the 
ipac^ of 29^^; and that the time in which the mechanic power 
produced this effed was 14% as appears by column 6th. And 
this mechanic power we Ihall exprefs by thd number 202, the 
produ<5): of the number of ounces in the fcale' multiplied bjr the 
inches in its perpendiculsff defcent, for 8 X 25^=202% 

24 By the fecond experiment j as 16 turns of the fmaller bar-* 
rel are equal to the fame perpendicular height as 5 turns of the 
bigger, it followsj that the fame mechanic power, vtz. 202^ 
a£ttng upon the fame heavy bodies to accelerate them, produces ^ 
Hie very feme effcA in generating motion in the bodies as it did 
before, ^/z. izo revolutions in 29% tke fmall difFlirence of ^ of 
a fecond being no more than may reafonably be attributed to the 
Unavoidable errbrs arifing from fridion of the machine^ want 0^ 
perfed accuraey in its meafuresj reiiftanc^ of th^ air, and im* 
l>erfe<aions in the obfervations themfelves, which mufl: not only 
be allowed for in this, but the reft } but as the impelling powef 
is a£ting here upon a lever of but half the length, and, confe* 
ijuently, buthalf the intenfity, when referred to the bodies to b« 
moved, it takes juft double th€! time to generate the fame velo^ 
city therein; 

Deduction^ It appears from hence, ttiat the fame me-* 
chanic power is capable of producing the fione veioeity in a given 
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body, whether it is applied fo as to produce it in a greatef 
orleffertime; but that the time taken to pi'oduce a given velo'^ 
city, by an uniformly continujed aftion, is in a fimple inverfe pro- 
portion of the intenfity of the impulfive power. 

3dly, The third experiment being made with 2i' turns of the 
lefler barrel, the fame weight in the fcalc of 8 ounces defcending 
only I -quarter part of the former perpendicular, the mechanic 
power employed will be only one quarter part of the former, viz, 
SOi'y but as one quarter parf of the mechanic power produces half 
of the former velocity in the hcatvy bodies ; that is, they make 20 
revolutions in ^S^ that is, nearly lO revolutions in 29''; we 
may conclude, in this inft^nce^ that the mechanic power, em- 
ployed in producing motiorl, is as the fquare of the velocity pro- 
duced in the fame body; and that the velocity produced is as the 
time that an impelling power, of the fame intenfity, continues ta 
ddfc upon it, as appears by the near agreement of numbers 2 and 
3, column 6th* 

4dily, in the fourth experiment, the Apparatus is the fame zi 
the firft, only here the weight in the fcale is 32 ounces ; that isy 
the impelling power is the quadruple of the firft, and hereby a 
double velocity is given to the bodies; for they make 20 revolu-» 
tions in 14'', which is a fmall mattet lefs than half the time taken 
up in making 20 revolutions in the firft experirtiefnt. It alfo ap- 
pears, that thevdotity acquired is fimply as the impelling power 
compounded with the time of its aftion ; for a Quadruple impul- 
fion ading for 7'' inftead of i^'' generates a double velocity, while 
the mechanic power etiiiployed to generate it is quadruple, for 
32x25^=808. And here the mechanic power employed being 
four times greater than the firft, it holds here alfo, that the me- 
chanic power, to be neceffarily employed, is as the fquare of the 
velocity to be generated ; that is, in the fame proportion as turned 
out in the third Experiment, where the mechanic power employ- 
ed was only a quarter part of the firftr 

• .i ' ^thly. 
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5thly, The fifth and fixth experiments were made with a me- 
chanic power four times greater than thofe employed in numbers 
2 and 3 refpeftively; and fince the fame deduSions refult from 
hence as from numbers 2 and 3, they are additional confirma- 
tions of the conclufions drawn frojn thenii an4 froni th^ )aft 
^icle, 

6thly, In the feventh experiment, the difpofitibn of the appa- 
ratus is the fame as number i, only here the bodies are placed 
upon the arms at the half-length j fi-om whence it appears, that 
Jthe fame mechanic power ftill produces the fame velocity in die 
fame bodies; for though 20 4-evolutfons were performed m 1^% 
(fee column 7) which is nearly half the time that 20 revolutions 
were performed in the firft experiment j yet, fin<;!e the circles in 
which the bodies revolved in the feventh ar^ only of half the 
circumference as thofe of number i, it is obvious, that the abfo- 
lute velocity acquired by the moving bodies in the two cafes is 
equal. But, by colunm 6th, the time in which it was generated 
}s only half 5 yet, notwithftanding, this will coincide with the 
former conclufions, if the intenfity of the impelling power is 
compounded therewith} for, though the b^rcl was the feme 
with the fame number of turns as in number i, and therefore the 
lever the fame, by which the impelling powtsr afled, yet, as the 
bodies, upon which this lever was to aft, were placed upon a 
levcfr of only half the length from the centre, the impelling power 
ailing by the firft lever, would aft upon the fecond wjth double 
the intenfity, according to the known laws of mechanics j that 
is, it would recjuire a double weight oppofing the bodies, to pre- 
vent their moving, in order to balance it. An impulfive power, 
therefore, of double the intenfity, afting for half the time, pro- 
duces the fame effeft in generating motion, as an impulfive 
power, of half the intenfity, afting for the whole time. 

7thly, The eighth and ninth experiments afford the fame dcr 
duftions and confirmations relative %q the feventh experiment, 
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that the fifth and fixtb io reipeSing 0ie fourth, ^d that th^ 
iiecond and third do refpedting the firft ; and from the near agrecvt 
mcnt of the vhole, when the neceflary jillowances before men-i 
tioned are made, together with fome fmall inequality arifing from 
the mechanical power loft by the difFerenqe of the motion given 
by gravity to the weight in the fcale: I fay, from thefe agree-j 
ments, under the very different mechanical powers applied, 
which were varied in the proportion of i to i6, we may fafi^ly 
conclude, that this is the univerfal law of nature, refpefting th© 
capacities of bodies in motion to produce mechs^nical efFeSs, ancj 
the quantity of mechanic power neceflary to be employed to pro- 
duce ox generate different velocities (the bodies being fuppofed 
equal in their quantity of matter) ; that the mechanic powers tq 
be expended are as the fquares of the velocities to be generated, 
md vice verfd ; and that the fimple velocities generated ^e as 
the impelling power compounded witfa^i or multiplied by, thiQ 
(ime of its action, and vice verfa. 

We fliall, perhaps, form a flill clearer cjoncep^ion of the re-i 
lation between velocities produced and the quantity of mechanig 
power required to produce them ; together with the coUateraj 
circumftances attending, by which thefe propofitions, feemingly 
two, arc reconciled and united, by ftating the fpllovying popular 
elucidation, which indeed was the original idea that occurred 
to me on confideripg this fubjeS; to put which to an expe- 
rimental prpof gaye birth tP the foregoing apparatus and expe^ 
riments, 

Suppofe then si large iron ball of lo feet diameter, turned 
truly fpheripal, and fet upo^ an extended plane of the fame 
inetal, and truly level, Npw, if a man b^gu^s to pufh at it, 
Jie will find it very refitting tp motion at firfl; but, by con-» 
tinuing the impulfe, he will gradually get it jnto motion, and 
liaying npthing to refift it but the air, he will, by continuing 
{lis e#prts, at length get it tQ rol} almoil ^ faft as be can run^ 
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' Snppofe now, in the firft minute be gets it rolled through a 
fpaceof one yard; by this motion, proceeding from reft (fimilar 
to what happens t;o felling bodies) ic would continue to roll 
forward at the rate of two yards j^er minute, without further 
help; but fuppding him to continue his endeavours, at the end 
of another minute he will have given it a velocity capable of 
carrying it through a fpace of two yards more, in addition to 
the former, that is,, at the rate of four yards per minute ; and at 
the end of the third minute, he tuis again added an equal in-« 
cxeafe of velocity, and made it proceed at the rate of fix yards 
j^r minute ; and fo on, increafir^ \cs velocity at the rate of two 
yards in every minute. The man, therefore, in the fp^e6f 
every minute exerts an- equal impulfe upon the ball, and ge- 
nerates an equal increafe ^f movement correfpondent to the 
definition of Sir Isaac Newton. But let us fee what hap- 
pens befides: the man, /n the firfir miiiute, has moved but oile 
yard from where he fet out; but he muft in the fecond minute 
Iftov^ two yards more, in order to keep up with the ball ; and 
as he exerted an impulfe upon it, fo as at the end of the fecond 
minute to have given it an additional velocity of the two yards, 
he muft alfo in this time have gradually changed its velocity 
from the rare of two yards per minute to that of four, and the 
ipace, that he will of confequence have aftually been obliged to 
go through in the fecond minute, will be according to the mean 
of the extremes of velocity at the beginning and end thereof, that 
is, three yar<fs in the fecond minute ; fo that being one yard 
from his original place at the beginning of the fecond minute, at 
the end of it he will have moved the fum of the journics of the 
firft and fecond minute, that is, in the whole four yards from his* 
original place. As he has now generated a velocity in the ball 
of four yards per minute, in the third minute he muft travel 
four yards to keep up with the ball, and one more in generating 
the equal increment of velocity ; fo that in the third minute^ 
be muft travel five yards to keep up the fame impelling power 
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upon the ball that he did in the drft minute in travelling on^ 
fo that thcfc five yards in the. third minute added to the four yards 
that he had travelled in the two preceding minutes, fets him at 
the end of the third minute nine yards from whence he fet out, 
having then given the ball a velocity capable of carrying it 
uniformly forward »t the rate of fix yards per minute, 91s be-i 
fore ftated. We may now leave the further purfuit of theft 
proportions, and fee how the account ftands. He generated a 
velocity of two yards per minute in the firift minute, the fquare 
of which is four, when he had moved but . one yard from hia 
place ', and he had generated 9 velocity of fix yards per minute, 
the fquare of which is thirty-fix, at die end of the third 
minute, when he had travelled nine yards from his place. Now, 
fince the fquare of the velocity, generated at the end of the firft 
minute, is to that of the velocity generated at the end of the 
third minute, as 4 : 36, that is, as j : 9 } and finc« the 
fpaces, moved thrpugh by the man to communicate thefe velo-^ 
cities, are alfo as 1:9, it follows, that the fpaces through 
which the man muft travel, in order to generate thefe velocities 
refpeftively (preferving the impelling power perfeftly equal), 
' muft be as the fquares of the velocities that are communicated 
to the ball j for, if the man was to be brought back agab to his 
original place by a mechanical power, equally exerted upon the 
man equally refifting, this would be the meafure of what the 
man has done in order to give motion to the ball. It therefore 
directly follows, conformably to what has been deduced from the 
experiments, that the me^rhanic power that muft of ne^effity be 
employed in giving different degrees of velocity to the fame 
bpdy, muft be as the fquare of that velocity ; and if the con-» 
verfe of this propofition did not hold, viz. that if a body in mo-» 
(ion, in being ftopped, would not produce a mechanical efi^ct 
equal or proportional to the fquare of its velocity, or to the 
ipechanical power employed in producing it, the effect wou)d not 
gQrrefpop4 with its producing qaufct 
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Thus the confequences of generating motion upon a level plane 
exadrly correfpond with the generating of motion by gravity | 
wz. that though in two feconds of time the equal impulfive 
power of gravity gives twice the velocity to a body that it does 
in one fecond, yet this collateral circumftance attends it, that at 
the end of the double time, in confequence of the velocity ac- 
quired in the firft half, the body has fallen from where it (et for<». 
ward through four times the perpendicular ; and therefpre, though 
th? velocity is only doubled, yet four times the mechanical 
power has been confumed in producing it, as four times the 
mechanical power muft be expended in bringing up the fallen 
body to its firft placet 

This d\en appears to be the foundation, not only of the 
difputes that have arifen, but of the miilakes that have beea 
made, in the application of the different dennitions of quantity 
of motion % that while thofe, that have adhered to the definition 
of Sir Isaac Newton, have complained of their adverfaries, in 
not confidering the time in which eflFefts are produced, they 
themfelves have not always taken into the account the fpace that 
the impelling power is obliged to travel through, in producing 
the different degrees of velocity. It feems, therefore, that, 
without taking in the collateral circumflances both of time and 
fpace, the terms, quantity of motion, momentum^ and force of 
bodies in motipn, are abfolutely indefinite ; and that they cannot 
be fo eafily, diflin<5^1y, and fundamentally compared, as by having 
recourfe to thp common meafure, niz. piechanic power. 

From the whole of what has been invefligated, it therefore 
appears, that time, properly fpeaking, has nothing to do with « 
the produdion of mechanical efFeds, otherwife than as, by 
equally flowing, it becomes a common meafure; to that, 
ivhatever mechanical cffeft is found to be produced in a given 
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time, the uniform continuance of the a£lion of the fame me* 
cbanical power will, in a double time, produce two fuch efFed% 
or twice that eSeA. A mechanical power, therefore, properly 
fpeaking, is meafured by the whole of its mechanical effect: 
produced, whether that efFecl is produced in a greater or a Icflfcr 
time; thus, having treafured up looo tuns pf water» which 
Tcan let out upon the overfhot wheel of a mill, and defcendii^ 
through a perpendicular of 20 feet, this power applied to proper 
piedxanic inftruraents, will produce a certain efFedt, that is, it 
will grind a certain quantity of corn; and that, at a certain rat^ 
of expending it, it will- grind tWs corn in an hour. But fup^ 
pofe the mill equally adapted to produce a proportionable efFed, 
by the application of a greater impvilfive power as with a lefs; 
then, if I let out the water twice as feft upon die wheel, it will 
grind the corn twice as feft, and both the water will be expended 
and the corn ground in half an hour. Here the fame mechanical 
effeft is produced; viz. the grinding a given quantity of cotn^ 
by the fame mechanical power, vi:^. iooo tuns of water defcen^ 
ding through a given perpendicular of 20 feet, and yet this efFeft 
is in one cafe produced in half the time of the othen What time^ 
therefore, has to do in the bufinefs is this ; let the rate of doing 
the bufinefs, or producing the efFeft, be what it will, if this 
rate is uniform, when I have found by experiment what is done 
in a given time, then, proceeding at the fame rate, twice thq 
efFeft will be produced in twice the time, on fuppoiition that X 
have a fupply.of mechanic power to go on with. Thus lOOOf 
tuns of water, defcending through 20 feet of perpendicular,* 
being, as has been fhewn, a given mechanic power, let me ex- 
pend it at what rate I will, if when this is expended, 1 muft wait 
another hour before it be renewed, by the natural flow of 4 
river or otherwife, I can then only expend twelve fuch quanr* 
titles of power in 24 hours; but if, while I am expending lOOQ 
tuns in one hour^ th^ ftream renews me the fame quantity, then 
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I can expend 24 fuch (Quantities of power in 24 hours; that is, 
J can go on continually at that rate, and the produf): or eSeSt 
will he in proportion to time, which is the common meafure 5 
but the quantity of mechanic power arifing from the flow of the 
two rivers, compared by taking an equal portion of time, is 
double in the one to the other, though each has a mill, that, whea 
^oing, will grinds equal quantity of corn in an hour* 
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liead Before the R^yal Society ^ jipril 18, ij^2* 

XT is univerf^lly acknowledged, that the firft fimple principled 
of fcience cannot be too critically examined, in order to their 
feeing firmly eftabliflied ; mere efpecially thofe which relate t^ 
the pra£tical and operative parts of mechanics, upon which much 
of the aftive bufinefs of mankind depends, A fentiment of this 
kind occafioned my traft upon Mechanic Power which is the 
iecbnd paper of this volume. What I have now to offer wa^ 
Intended as a fupplement thereto, and the experiments were then, 
in part, tried j but the completion thereof was deferred at that 
time, partly from Want of leifure ; partly to avoid too great a 
length of the paper itfelf, and partly to avoid the bringing for-' 
tfvard too many points at once. 

My prefent purpofe is to fliew, that the true doftrine of tb« 
eollifton of bodies hangs as it were upon the fame hook, as the 
do&rine of the gradual generation of xootion from reft, confi^ 
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dered in that paiper : that is, that whether bodies are put irttd 
gradual motion, and uniformly accelerated from reft to any givert 
velocity ;xOr are put in motion, in an inftantaneous manner, wheii 
bodies of any kind ftrike one another j the motion, or fum of thd 
motions produced, has the fame relation to mechanic power 
therein defined, which is neceflary to produce the motion defired^ 
To prove this^ and at the fame time to (hew fome capital miftakes 
in principle, which' have been ajjumei as indifputable truths by 
tnen of great learning, is the reafon of my now puriuingthe 
fame fubje(^4 

I do not fiiean to fk)int otif the particular miftake^ which 
have been made by particular men, as that would lead me into' 
too great a length : I fliall therefore content myfelf with obfer- 
ving, that the laws of coUifiori, which have been inveftigated 
by mathematical philofophcrs, are principally of three kinds; 
v/«. thofe relating to bodies perfectly elafttc ; to bodies perfe<9:ly 
tuielaftic, afid perfe£Hy y^f; ahd to bodies perfe&Iy unelaftic^ 
and perfedlly hard. To avoid prolixity, I fliall confider in each, 
only the fimple cafe of two bodies which are equal in weight or 
ijuaritity of matter ftriking one another. Refpefltihg thofe which 
are jJerfe£tly elaftic, it is univerfafly agreed, fliat when two fuch 
bodies ftrike one another, no motion i^ loft ; but that in all cafes, 
what is loft by one is acquired by the other : and hence, that if' 
an elaftic body in motion ftrikes another at reft, lipoh the itrokc? 
the fotmer will be reduced to a ftite of reft, and the latfef will 
fly off with an equal velocity* 

III like manrier, if a non-elaftic foft body ftrikes another at 
reft, they ifdthef of them remain at reft, but proceed together 
from the point of collifion with exaftly one half the vekcrty 
that the firft had before the ftroke ; this is alfo vmiverfally allow-* 
ed to be true, and is fully proved by every good experiment upon 
the fubjeiS. 

Refpeaiing the thirf fpeties 6f body, that i^ thofe th^ are 
non-cflaf^ic and yet perfedly hard ; the laws of motion relating 
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to them, as laid down by one fpccies of Philofophers, have b^ert 
iieje£led by another ; the latter alledging, that there are no fuch 
bodies to be found in nature whereon to try the experiment; 
but thofe who have laid Jown and afligned^the dodrine that 
would attend the collifion of bodies^ of this kind (If they could 
be found) have univerfally agreed, that if anon-elaftic hardhoAf 
was to ftrike another of the fame kind at reft, that, in the fame 
manner as is agreed concerning non-elaftic ibft bqdies, they 
neither of them would remain at reft, but would in like manner 
t»roceed from the point of coUilion, with exa£Uy One half of the 
velocity that the firft had before the ftroke : in fliort, they lay it 
down as a rule attending all non-elaftic bodies, Whedier hard 6t 
foft^ that the velocity after the ftroke will be the fame in both^ 
viz* $ne half of the velocity of the original ftriking body. 

Here is therefore theaflumptionpf a principle^ Which In reality 
is proved by no experiment, nor by any fair dedu£lion of reafon 
that I know of, viz. tJiat the velocity of non-elaftic bard bodies 
after the ftroke muft be the fame as that refulting from the ftroke 
of non-elaftic y^f bodies j and the queftion now isj whether it is 
true ot not } 

Here it may be very properly afked^ what ill cflFeiSs can re- 
fult to practical men, if philofophers fhould reafon wrong CQn«^ 
cerning the eS^&s of what does not exift in nature, fince the 
pradical men can have no fuch materials to work upon, or mi& 
judge ofi But it is anfwered, that they who infer an equality 
of effe£b between the two forts, may from thence be mifled ^ 
themfelves, and in confequence mifiead pradical men in their 
reafonings and conclufions concerning the fort with which they 
have abundant concern, to wit, the non-elaftic y^f bodies^ of 
which water is one, which they have much to do with in their 
daily pra&ice. 

Previous to the trying niy experiment on mills, I never had 
doubted the truth of the do^triAe, that the fame velocity refulted 
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from the ftroke of both forts of non-elaftic bodies; but the trial 
of thofe experiments made me dearly fee at leaft the^'inconclu- 
fivenefs, if not the falfity of that doarine: becaufe I found a 
refult which I did not expeSto have arifen from either fort ; and 
for the which, when it appeared from experiment, I could fee 
a fubftantial reafon why it fliould take place in 'one fort, and that 
it was impofTible that it could take place in the other; for if it 
did, the bodies could not have been perfedly hard^ which would 
be contrary to the hypothefis : of this dedudlion I have given no- 
tice in my faid traft on mills, page 30. TAtf efeif thtrtfore of 
Bverjhot wheels^ tfr. 

It may alfo be faid, that fmce we have np bodies perfe6Uy 
claftic, or perfeftly unelaftic and foft^ why IhoulJ we expefl: 
bodies perfeftly unelaftic and hard? Why may not the effeftsbe 
fuch as (hould refult from a fuppofition of their being imperfeSily 
ela^ic pined with their being imperfeGly hard? But here I muft 
obferve, that the fuppofition appears to be a contradiftion in 
terms. 

We have bodies which are fo nearly perfedlly elaftic, that the 
Iciws may be very well deduced and confirmed by them j and the 
fame obtains with refpefl to non-elaftic Joft bodies ; but con- 
cerning bodies of a mixed nature, which are by far the greateft 
number, fo far as they are wanting in elafticity, they are f oft 
and bruife^ yield or leavt a mark in collifion ; and fo far as 
they are not perfedHy foft they are elaftic, and obferve a mixture 
of the law relative to each ; but imperfeftly elaftic bodies, 
imperfe£Uy hard, come in reality under the fame defcription as 
the former mixed bodies: for fo far as they are imperfeftly 
hard they are foft, and either bruife and yields or leave a mark 
in the ftroke 5 and fo far as they want perfeft elafticity, they arc 
non-elaftic ; that is to fay, they are bodies imperfe£t!y elaftic, 
and imperfectly foft; and in fad I have never yet feen any 
bodies but what come under this defcription. It feems, there- 
fore, that refpedliiig the hardnefs of bodies they differ in de-^ 
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grees of it, in proportion as they have a greater degree of tena- 
city or cohefion; that is, are farther removed from perfeft 
roftnefs, at the fame time that their elaftic fprings, fo for as they 
reach, are very ft iff; and hence wc may (by the way) conclude, 
that the fame mechanic power that is required to change the 
figure in zfmall degree o( thofe bodies that have the popular 
appellation of hard bodies^ would change it in a great degree in 
thofe bodies that approach towards foftncfs, by having a fmall 
degree of tenacity or cohefion. In the former kind we may 
rank the harder kinds of caji iron^ and in the latter)^/ tempered 
tlaju 

While the phildfophical world was divided by the difput^ 
about the old and nev^) opinion^ as it was called, concerning the 
powers of bodies in motion, in proportion to their different 
velocities : thofe who held the old opinion contending, that it 
was as the velocity ftmply^ aiked thofe of the new, H0W5 upon 
their principles, they would get rid of the conclufions arifing 
from the doftrine of unelaftic perfeftly hard bodies? They 
replied, they found no fuch bodies in nature, and therefore 
did not concern themfelves about them. On the other hand,, 
tbofe of the new opinion aflced thofe of the old. How they 
would account for the cafe of non-elaftic foft bodies, where, 
, according to them, the whole motion loft by the ftriking body 
was retained in the two after the ftroke (t!he two bodies moving 
together with the half velocity,) though the two non-elaftic 
bodies had been bruifed and changed tiieir figure by the ftroke ; 
for, if no motion was loft, the change of figure muft be an 
effeft without a caufe ? To obviate this, thofe of the old opi- 
nion ferioufly fet about proving, that the bodies might change 
their figure, without any lofs of motion in either of the ftrik- 
ing bodies. 

Neither of thefe anfwers have appeared to me fatisfiiSory, 
efpecially fince my mill experiments : for with refpeft to the 
firft, it is no proper argument to urge the impoffibility of find- 
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ing the proper material for an experiment, ijft anfwer to a con* 
clufion drawn from an abftra£l idea* On the other hand, if it 
can be (hewn) that the figure of a body can be changed, with- 
out a power^ then, by the fame law, we might be able to make 
a forge hammer work upon a mafs of foft iron, without any 
other power than that neceifary to overcome the firi£tion, refift- 
ance, and original vU inertia of the parts of the machine to be 
put in motion : for, as no progreffive motion is given the mafs of 
iron by the hammer (it being fupported by the anvil), no power 
can be expended that way; and if none is loft to the hanuner 
from changing the figure of the iron, which is the only efFe£t 
produced, then the whole power muft refide in the hammer, and 
it would jump back ag^n to the place fi'om which it fell, juft 
in the fame manner as if it fell upon a body perfefbly elaftic, upon 
which, if it did fall, the cafe would really happen : the power 
riierefore, to work the hammer would be the, fam^ whether it 
fell upon an elaftic or non-elaftic body ; an idea (b very contrary 
to all experience, and even apprehenfion, of both the philo- 
ibpher and vulgar artift, that I fhall here leave it to its own con* 
demxiation. 

As nothing, however, is fo convincing to the mind as experi* 
ments obvious to the fenfes, I was very defirous of contriving 
an experiment in point, and as I iaw no hopes of finding matter 
to make a direSi experiment, I turned my mind towards an in*- 
direft one: fo circumfcribed, however, as to prove incontefta- 
bly, thaf the refult of the ftroke of two non-elaftic perfedtly 
hard bodies could not be the fame as would refult fi'om the collie 
(ion of two foft ones; that is, if it can be bona fide proved, 
that one half of the original power is loft in the ftroke of foit 
bodies by the change of figure (as was very ftrongly fuggefted 
by the mill experiments) ; then fince no fuch lofs can happen in 
the coUifion of ladies perfedly hard, the refult ai^d confequence 
of fuch a ftrdce n^uft be different. 

The confequence of a ftroke of bodies perfe^y hard, but 
void of elafticityi muft doubtlefs be different firom that of bodies 
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perfe<aiy elajiic : for having no fpring the body at reft could not 
be driven off with the velocity of the ftriking body, for that is 
the confequence of the adion of the fpring or elaftic parts be* 
tween them, as will be (hewn in the refult of the experiments ; 
the ftriking body will therefore not be flopped, and as the mo- 
tion it lofes muft be communicated to the other, from the equa- 
lity of aftion and re-aftion, they will both proceed together, 
with an eq^al velocity, as in the cafe of ilon-elaftic foft bodies : 
the queftion, therefore, that remains is, what that velocity muji 
be ? It muft be greater than that of the non-elaftic foft bodies, 
becaufe there is no mechanical power loft in the ftroke. It muft 
be lefs than that of the ftriking body, becaufe, if equal, inftead 
of a lop of motion by the coUifion it will be doubled. If, 
therefore,' non-elaftic foft bbdies lofe half their motion, or me- 
chanical power, by change of figure in coUifion, and yet pro- 
ceed together with half the velocity, and the non-el^ic hard 
bodies can Ipfe none in any manner whatever ; then, as they 
muft move together, their velocity muft be fuch as to prefer ve 
the equality of the mechanic power, unimpaired^ after the ftroke 
the £ime as it was before it, 

• For example, let the velocity of the ftriking body before the 
ftroke be 20, and its mafs or quantity of matter 8; dien 
according to the rule deduced from the experiments in the Tra£fe 
on Mechanic Power (fee exp. third and fourth) that power will 
be exprefled by 20x20=400, which X 8=3200; and. if half^ 
of it is loft in the ftroke, in the cafe of, non-elaftic foft bodies, 
it will be reduced to 16005 which -J- 16 the double quantity of 
matter will give lOO for the fquare of theii; velocity; the, 
fquare root of which being 10, will be the velocity of the two 
non-elaftic foft bodies after the ftroke, being juft one half of the, 
original velocity, as it is conftantly found to be. ^ But in the 
non-elaftic hard bodies, no power being loft in the ftroke, the 
mechanic power will remain after it as before it, = 3200 j this, 
in like manner, being divided by 16, the double^ quantity of 
matter, will give 200 for the fquare of the velocity, the fquare 
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root of which is 14.14, &c. for their velocity after the iftrokc, 
which is to 10, the velocity of the non-elaftic foft bodies after 
the ftroke, as the fquare ^-oot of 2 to i, or as the diagonal of a 
fquare to its fide. 

It remains, therefore, now to be proved, that precifely half 
of the mechanic power is loft in the collifibn of no-elaftic foft 
bodies j for which purpofe my mind fuggefted the following re- 
flections. In the collifion of elaftic bodies the effect feemingly 
fnftantaneous, is yet performed in time ; during which time the 
natural fprings refiding in elaftic bociis, and which conftitute 
them fuch, are bent or forced, till the motion of the ftriking 
body is divided between itfelf and the body at reft ; and in this 
ftate the two bodies would then proceed together, as in the cafe of 
non-elaftic foft bodies; but as the fprings will immediately reftore 
thcmfelves in an equal time, and with the fame degree of imfuU 
ftve force ^ wherewith they were bent in this re-action, the motion 
that remained in the ftriking body will be totally deftroyed, and 
the total exertion of the two fprings, communicated to the origi- 
nal refting body, will caufe it to fly off with the fame velocity 
wherewith it was ftruck. 

Upon this idea, if we could conftruct a couple of bodies in 
fuch a way that they ftK)uld either act as bodies perfectly elaftic • 
or that their fprings fliould at pleafure be hooked up, retained, 
or prevented from reftoring themfelves, when at their extreme 
degree of bending; and if the bodies under thefe circumftances 
obferVed the laws of collifion of non-elaftic foft bodies, then it 
would be proved, that one half of the mechanical power, refiding 
in the ftriking body, would be loft in the action of collifion ; 
becaufe the impulfive force or power of the fpring in its reftitu- 
tion being cut off, or fufpended from acting, which is equal to 
the impulfive force or power to bend it (and which alone has 
been employed to communicate motion from one body to the 
other) It would make it evident, that one half of the impulfive 
force is loft in the action, as the other half remains Uchd up in 
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the fpringSj it alfo follows, as a collateral circumfiance^ that be 
the impulfive power of the fprings what it may from firft to laft, 
yet as one half of the time of the a6lion is by this means cut off, 
in this fenfe alfo it will follow, that one half of the mechanic 
^ power is deftroyed^ or rather, in this cafe, remains locked up 
in the fprings, capable of being re-exerted whcKever they arc 
fet at liberty, and of producing a frefli mechanical effeft, equiva- 
lent to the motion or mechanical power of the two non-elaftic 
foft bodies after their collifion. 

Hence we muft infer, that the quantity of mechanical power 
expended in difplacing the parts of non-elaftic foft bodies in 
collifion, is exa£Hy the fame as that expended in bending the 
fprings of perfeftly elaftic bodies ; but the difference in the ulti- 
mate effefl: is, that in the non-elaftic foft bodies, the power 
taken to difplace the parts will be totally loft and deftroyed, as 
it would require an equal mechanic power to be raifed a-frefli, 
and exerted in a contrary diredion to reftore the parts back again 
to their former places ; whereas, in the cafe of the elaftic bodies, 
the operation of half the mechanic power is, as obferved already, 
only locked up and fufpended, and capable of being re-exerted 
without a further original acceffioii. 

Thefe ideas arofe from the refult of the experiments tried upon 
the machine defcribed in my faid trail upon mechanic power, and 
were alfo communicated to my very worthy and ingenious friend 
William Russel, £fq. F. R. S. at the fame time that I ifhewed 
him thofc experiments in 17595 but the mode of putting this 
matter to a full and fair mechanical trial has fince occurred \ and 
though fome rough trials, fufficlent tofhew the effe6l, were made 
thereon, prior to the offering the Paper on Mechanical Power to 
the Society in 1776, yet the machine irfelf I had not leifure to 
complete to my fatisfadion till lately; which I mention to apo- 
logize for the length of time that thefe fpeculations have taken in 
bringing forward. 
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DESCRIPTION OF THE MACHINE FOR COLLISION, 

FIG, I. (hews the front of the Machine as it appears at reft 
when fitted for ufe, 

A IS the pcdeftal, and A B the pillar, which fupports the wholcj^ 
C D are two compound bodies of about a pound weight each, but 
as nearly equal in weight as may be. Thefe bodies are alike in 
conftru£bion, which will be more particularly explained by fig. 2, 
Thefe bodies are fufpended by two white fir rods of about half an 
inch diameter, efzu^gh being about four feet long from the 
point of fufpenfion to the centre of the bodies; and their fufpcn* 
fion is upon the crofs piece 1 1, which is mortifed through, to let 
the rods pafs with perfeft freedom ; and they hang upon two inlall 
plates filed to an edge on the under fide, and pafs through th© 
upper part of the rods. Their centers are at k and /, and the 
edges being let into a little notch, on each fide the mortife, 
the rods are at liberty to vibrate freely upon their refpe^ive points 
(or rather edges) of fufpenfion, and are determined to one plstin 
of vibration. M N is a flat arch of white wood, which may be 
covered with paper, that the niarks thereupon maybe mpr? CPn^* 
fpicuou^^ 

The croft piece II is made to proje<St fo for before the pillar^ 
that the bodies in their vibrations may pafs clear of it, without 
clanger of llrikingit; and alfo the arch M^N is brought fo &f 
forward as to leave no more than a clearance, fufiicient for the 
rods to vibrate freely without touching it, 

Fig. a. ftews one of the compound bodies, 'drawn of its fixll 
iise, A B is a block of w;ood, and about as much in breadth 
f^ it is reprefented in height, th^Fough a hol^ in which the yrpo^l 
ro4 C C paflfesj and \% fijt^d therein, . 
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D B reprefents a plate of lead about three^ights of an inch 
thick, one on each fide, fcrewed on by way of giving it a com- 
petent weight, d B ef g reprefents the edge of a fpringing plate 
of brafs, rendered elaftic by hard hammering ; it is about five 
eights of an inch in breadth, and about one twentieth of an 
inch thick. It is fixed down upon the wooden block at its end 
i/B by means of a bridge plate, whofe end is Ihewn h /, and is 
fcrewed down on each fide of the fpring plate by fcrews, which 
being relaxed the fpring can be taken out at pleafure, and ad* 
jufted to its proper fituation. if / is a light thin flip of a plate, 
whofe under edge is cut into teeth like a fine faw or iratchet, and 
is attached to the fpring by a pin at ky which pafles through it, 
and alfo through a fmall ftud rivetted into the back part of the. 
fpring, and upon which pin, as a center, it is freely moveable. 
m n fliews a fmall plate or ftud fe^n edgeways raifed upon the 
bridge plate, through an hole in which ftud the ratchet pafles ; 
and the lower part of the hole is cut to a tooth ihaped properly 
to catch the teeth of the ratchet, and retain it together with the 
fpring at any degree to which it may be fuddenly bent ; and for 
this intent it is kept bearing gently downward, by means of a 
wire-'fpring opq^ which is in reality double, the bearing part at* 
being femi-circular j from which branching ofFon each fide the 
rod C C, pafles to ^, and fixes at each end into the wood at q. 
However to clear the ratchet, which is neceflarlly in the middle 
^s well as the rod, the latter is perforated; and alfo the block is 
cut awa)r, fo far as to fet the mainfpring zte free of all obftacles 
that wouW prevent its play from the point B. The part fg i& 
<hewn thicker than the reft, by being covered with thin kid 
leather tight fewed on, to prevent a certain jarring that other- 
. firife takes place on the meeting of the fprings in collifion. 

Let us now return to fig. i. the marks upon the arch MN 
are put on as follows, op ism arch of a circle from the centre 
ly zndqr an arch of a circle from the centre i, interfecting 
each other at S. Now the middle line of the marks /, v, are 
U the fame diftange from the middle line at S th^t the cehtres kl 
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are ; fo that when each body hangs in its own free pofltion) with- 
out bearing againft the other, the rod //will cover the mark at 
t i and the rod ^ A will cover the mark at v. From the point S 
upon the arches S p and S q rcfpectively, fct off points at an equal 
and competent diftance from S each way, which will give the 
middle of the mark w and x : and upon the arch S p find the 
middle point between the mark v and w^ whidi let be y; and on 
the other fide, in like manner, upon the arch S q find a middle 
point for the mark z ; then fet ofF the diftance S t; or S ^ from y 
each way, and firom z each v^ay ; and from thefe points, drawing 
lines to the refpectivc centres / and ^, they will give the place 
and pofition of the m^ks «, ^, and r, d ; and thus is the machine 
prepared for ufe. 

FOR TRIALS ON ELASTIC BODIES. 

FOR this ufe take out the pins and ratchets from each rc- 
fpectively, and the fprings being then at liberty, with a fhort 
bit of ftick (fuppofe the fame fize as the rods) turn afide the rod 
g b with the right hand, carrying the body D upwards till the 
ftick is upon the mark ti/, as fuppofe at ; there hold it, and 
with the left fet the body C perfectly at reft ; in which cafe the 
rod if will be over the mark /; then fuddenly withdraw the 
ftick, in the direction that the rod gh is to follow it, and the 
fpring of the body D, impinging upon that of the body C, they 
will be both bent, and alfo rcftored ; and the body C will fly off, 
and mount till its rod e f covers the mark x \ the rod of the 
ftriking body D remaining at reft upon its proper mark of reft v^ 
4ill the body C returns, when the body D will fly off in the 
fame manner; the two bodies thus rebounding a number of 
times, lofing a part of their vibration each time ; but fo nearly 
is the theory of elaftic bodies fulfilled hereby, that the fuigle ad- 
vantage of originally pufliing the rod g h beyond the mark w, 
by the thicknefs of the ftick, or its own thicknefs, is fuificient 
to carry the rod of the quiefcent body C completely to its 
mark x. 

There 
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There are feveral other experiments which may be made with 
this apparatus, in confirmation of the clodrine of the collifion of 
elaftic bodies; which being univerfally agreed upon, and wdl 
known, it is needlefs further to dwell upon here; but refpeding 
the application to non-elaftic foft bodies, k is far more difficult 
to come at. a fitnefs of materials for this kind of experimcntt 
than it is for thbfe liippofmg perfefily elafticity. The condu- 
fions, however, may be attained with equal certainty. 

FOR TRIALS ON NON-ELASTIC SOFT BODIES. 

FOR this purpofe the ratchets muft be applied and put in 
order as before defcribed, and the fprings being both put to their 
point of reft, let the body D4)e put to its mark w in the feme 
manner as before defcribed, and the body C to reft. The body 
D being let go, and ftriking the body C at reft, in cohfequence 
of the flroke, the fprings being hooked up by the ratchets, they 
both moye from their refting marks /, v, refpeftly towards 
M ; Now if they both moved together, and the rod ef covered 
the mark f, and the rod g h covered the mark d at their utmofl: 
limit, then they would truly obey the laws of non-elaftic foft 
bodies 'y becaufe their medium afcent would be to the mark 2, 
which is juft half the angle of afcent to the mark x ; but as in 
this piece of machinery, though the main or principal fprings arc 
hooked up, yet every part of them, and all the materials of which 
they are compofed, and to which they are attached, have a degree, 
or more properly fpeaking, a certain compafs of elafticity^ which, 
as fuch, is perfect, and no motion loft thereby. 

We muft not, therefore, expeft the two compound bodies after 
the ftroke to ftick together without feparating, as would be the 
cafe with bodies truly non-elaftic and foft ; but that from the elaf- 
ticity they are pofleffed of, they will by rebounding be feparated ; 
• but that elafticity being perfeft, can occafion no lofs of motion to 
the fum of the two bodies j fo that if the body C afcends as much 
above its mark c as the body D falls fhort of its mark d^ then 
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it will follow, that their medium afccnt will ftill be to the mark 
z, as it o^ght to have been, had they been truly non-elaftic foft 
bodies ; and this, in reality, is truly the cafe in the experiment^ 
as nearly as it can be difcerned. 

After a few vibrations, by the rubbing pf the fpringt 
againft one another, they are foon brought to reft; and here 
they would always reft had they been truly and properly. perfect 
jion-el;aftic foft bodies ^ but here, as in the cafe of thefe bodies, 
by a change of the figure and fituation of the component parts> 
jhere is expended one half of the mechanical power of the firft 
mover, yet in this cafe the other half is not loft but fufpended 
ready to be re-exerted whenever it is fet at liberty; and that it is 
rt2l\y ViXid bona ftda one balf^ and neither more or lefs appears 
from this uncontrovcrted fimple principle, that the power of 
reftitution of a perfect fpring is exactly equal to the power 
that bends it. And this may, in a certain degree, be fliewn 
to be fact by experiment, if there were any need of fuch a proofs 
for if, when the bodies are at reft after the laft experiment the two 
rods are lathed together at the bottom with a bit of thread, and 
then the ratchets unpinned and removed ; on cutting the thread 
with a pair of fcifTars they will each of them rebound, C towards 
M and D towards N, and if they rebounded refpectively to 
% and j^, the mechanical power exerted would be the fame ^as it 
was after the ftroke, when the mean of their two afcents was up 
to the mark Z ; but here it is not to be expected, becaufe not 
only the motion loft by the friction of the ratchets is to be 
deducted, becaufe it had the effect of real non-clafticity ; but 
alfo the elafticity that feparated them in the ftroke, which was 
loft in the vibrations that fucceeded; neither of which hindered 
the mean afcent to be to ? ; but yet, under all thefe difadvan* 
tages in the machine (if not unreafonably ill made) the rod ef 
will afcend to i, and^ b to a: and hence I infer, as a pofitive 
truth, that in the collifion of non-elaftic foft bodies, one half 
§f the mechanic pQWcr reftding in the Jlriking body is lofl in 
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Reffiefting bodies unelaftic and perfectly hard, we muft infer, 
that fince we arc unavoidably led to aconclufion corxerning them, 
which contradicts what is efteemed a truth capable of the ftrict- 
eft demonftration ; viz. that the velocity of the centre of gra- 
vity of no fyftcnrof bodies can be changed by any colKfion be- 
twixt one another, fomething muft be aflumed that involves 
a contradiction. This perfectly holds, according to all the 
cftablifhed rules, both of perfectly elaftic and perfectly non- 
d^aic foft bodies; rules which muft fell in the perfectly non- 
elaftic ^^r^ bodies, if their velocity after- the ftroke is to the 
velocity of the ftriking body as one is to the fquare r&ot of 2 ; 
for then the centre of gravity of the two bodies will by the 
ftroke acquire a velocity greater than the centre of gravity the 
two bodies had before the ftroke in that proportion, which is 
proved thus. 

At the outfet of the ftriking body, the centre ot gravity of 
the two bodies in our cafe will be exactly in the middle between 
' the two; and when they meet it will have moved from their 
half diftance to dieir point of contact, fo the velocity of the 
centre of gravity before the bodies meet will be exactly one half 
of the velocity of the ftriking body ; and, therefore, if the velo- 
city of the ftriking body is 2, thevdocity of the centre of gravity 
of both will be i. After the ftroke, as both bodies are fup- 
pofed to move in contact, the velocity of the centre of gravity 
will be the fame as that of the bodies ; and as their velocity is 
proved to be the fquare root of 2, the velocity of their centre of 
gravity will be increafed from i. to the fquare root of 2 ; that is, 
from I. to I»4I4, &c. 

The feir, inference from thefe contradictory conclufions there- 
fore is, that an unelaftic hard body (perfectly fo) is a repugnant 
idea, and contains in itfelf a contradiction; for to make it agree 
with the hir condufions that may be drawn on each fide, from 
clear premifes^ we fliall be obliged to define its properties thus : 
.That in the ftroke of unelaftic hard bodies they can not pojtily 

' lofc 
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hfe any mechanic power in the ftroke ; becaufe no other im- 
prefiion . is made than the communication of motion ; and yet 
they tnuft lofe a quantity of mechanic power in the ftroke 5 be-, 
caufe, if they do not, their common, centre of gravity, as above 
, £bew/i9 will acquire an increafe of velocity by their ftroke upon 
each other. 

In a like manner the idea of a perpetual motion perhaps, at 
firft fight, may not appear to involve a contradidion in terms ; 
but we fliall be obliged to confefs that it does, when, on exa- 
mining its rcquifites for execution, we find we fliall want bo- 
dies having the following properties ; that . when they are made 
to afcend againft gravitation their abfolute weight fliall be lefi ^ 
and when they defcendhy gravitation (through an equal fpace) 
their abfolute weight fliall be greater ; which) acc9rding to all 
we know of nature^ is a repugnant or contradiilory idea* 
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